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South Africa is endowed with a large number of native plant species and many of the 
country’s plants have become important floricultural crops both locally and internationally. 
Three genera of South African monocotyledonous plants are particularly prominent 
floricultural crops of high value to the industry, namely Clivia, Strelitzia and Zantedeschia. A 
single species from each of these genera have stood out in the industry and become the 
most well-known representatives of their respective genera. These plants are Clivia miniata, 
Strelitzia reginae and Zantedeschia aethiopica. The reasons that each are of value to the 
industry are as follows: C. miniata has large orange flowers and glossy evergreen leaves and 
is able to grow well in shaded areas and in pots. Strelitzia reginae has bold flowers and 
foliage, which are highly desirable to consumers, and can be grown as a pot plant or in the 
garden. Zantedeschia aethiopica has attractive white flowers and is grown for as a cut flower, 
pot plant or in the garden.  
A number of highly apparent disease symptoms were observed on plants of C. miniata, S. 
reginae and Z. aethiopica growing mainly in KwaZulu-Natal, South Africa. Further samples of 
diseased plant material were also obtained from the Gauteng and Mpumalanga provinces to 
supplement the samples obtained from plant producers in KwaZulu-Natal. Six apparent 
disease complexes formed the focus of the studies presented in this dissertation. Three 
distinct diseases afflicting C. miniata and related Clivia species were observed and studied, 
two distinct diseases of S. reginae were observed and studied and one disease of Z. 
aethiopica was documented and studied.  
The three diseases observed on C. miniata were: (i) an anthracnose disease causing 
symptoms of leaf spotting and necrosis; (ii) a soft rot of the leaves and stems of afflicted 
plants and (iii) foliar streaking and mottling speculated to be caused by viral infection. The 
anthracnose disease was attributed to infection of C. miniata by a species of Colletotrichum. 
A fungal isolate was obtained from senescing, symptomatic leaf material and identified as a 
species of Colletotrichum, based on its cultural and morphological characteristics. Evaluation 
of Koch’s postulates with the isolate demonstrated its pathogenicity towards C. miniata and 
morphological characterisation of the conidia of the isolate identified it as C. karstii. The 
morphological identification was corroborated by a Maximum Likelihood (ML) phylogenetic 
analysis of the ITS region of the isolate, which indicated well-supported clustering with other 
C. karstii isolates. This is the first report of C. karstii causing an anthracnose disease of C. 
miniata in South Africa. 
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Two outbreaks of the soft rot disease of C. miniata were observed in commercial nurseries 
where C. miniata was being grown, one in Howick, KwaZulu-Natal and the other in White 
River, Mpumalanga, South Africa. A bacterial isolate from each outbreak was demonstrated 
to cause identical soft rot symptoms on inoculated plants, in fulfilment of Koch’s postulates. 
Both bacterial isolates exhibited cultural and morphological characteristics similar to 
members of the bacterial genus Pseudomonas. A BLAST search of the 16S rRNA region of 
the White River isolate in the Ribosomal Database Project database was performed and 
indicated similarities to a number of Pseudomonas species, corroborating the morphological 
assessments of the isolate. This is the first report of soft rot of C. miniata caused by a 
Pseudomonas species in South Africa. 
The virus-like disease symptoms studied were observed on C. caulescens, C. miniata and 
numerous interspecific hybrid plants. Transmission electron microscopy (TEM) of sap 
samples obtained from symptomatic showed the presence of filamentous viral particles in the 
leaf sap preparations and attempts to purify viral samples from symptomatic leaf material 
were successfully carried out. Reverse transcription polymerase chain reaction (RT-PCR) 
was implemented in attempts to amplify viral nucleic acids from leaf samples and purified 
virus preparations. These attempts were, however, unsuccessful in generating amplicons for 
phylogenetic analyses. Attempts were made to study possible viral transmission methods, 
through the mechanical inoculation of Clivia plants and Nicotiana tabacum. These 
transmission studies were inconclusive as none of the inoculated plants developed any 
symptoms. The possibility that these viruses are novel entities was raised by the results of 
the research carried on this subject. 
The two diseases affecting S. reginae were: (i) foliar spotting and necrosis and (ii) a flower 
blight. The foliar disease was attributed to infection by a species of Pestalotiopsis, a genus of 
known phytopathogen fungi. Morphological characterisation of the versicolorous conidia of 
the Pestalotiopsis isolate shown to be pathogenic on S. reginae indicated affinities to P. 
clavispora. A neighbour-joining (NJ) phylogenetic analysis of the ITS sequence data for the 
isolate placed it within a well-supported clade comprised of Pestalotiopsis species with 
versicolorous conidia. The relationships between the Pestalotiopsis species within the 
versicolorous clade was, however, not well resolved by the ITS-based phylogenetic inference 
and concatenated phylogenetic analysis of the ITS, β-tubulin and tef1 sequence data for this 
isolate will be required for accurate taxonomic placement within the genus. This is the first 
report of a leaf blight of S. reginae caused by a Pestalotiopsis species in South Africa. 
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The flower blight observed to afflict S. reginae was demonstrated to be caused by a 
phytopathogenic bacterium, belonging to the bacterial genus Pantoea. The morphological 
and biochemical characteristics of the isolate were consistent with various Pantoea species. 
Matrix-assisted laser desorption/ionisation-time of flight mass spectrometry (MALDI-TOF MS) 
and a BLAST analysis of the 16S rRNA region of the isolate’s genome indicated affinities to 
P. agglomerans, a documented phytopathogen. This is the first report of a Pantoea species 
as a phytopathogen of S. reginae and also the first report of a floral disease of S. reginae in 
South Africa. 
The disease symptoms commonly observed on Z. aethiopica in KwaZulu-Natal were a 
conspicuous foliar blight of infected leaves. The etiology and symptoms of the foliar disease 
observed in Pietermaritzburg were similar to those previously reported to be caused by the 
bacterium Xanthomonas campestris pv. zantedeschiae. Koch’s postulates were successfully 
carried out with the bacterial strain consistently isolated from symptomatic leaf material. PCR 
amplification of the 16S rRNA region isolate indicated similarities to various species of 
Pseudomonas, chiefly P. putida, but not to any X. campestris isolates. Matrix-assisted laser 
desorption/ionisation-time of flight mass spectrometry (MALDI-TOF MS) of the peptidic 
profile of the isolate corroborated the 16S rRNA based assessment of its identity as a 
Pseudomonas sp but did not provide a strong indication of species identity. This is the first 
report of a foliar blight of Z. aethiopica caused by a Pseudomonas sp. in South Africa. 
Cultures of all the successfully isolated phytopathogens were deposited at the South African 
Agricultural Research Council Plant Protection Research Institute (ARC-PPRI) with the 
following accessions numbers: C. karstii PPRI 16882, Pseudomonas sp. BD 1294 and 
Pseudomonas sp. BD 1295 [Clivia pathogens]; Pestalotiopsis sp. PPRI 16883 and Pantoea 
sp. BD 1293 [Strelitzia pathogens] and Pseudomonas sp. BD 1296 [Zantedeschia pathogen].  
The research carried out and presented in this dissertation highlights a number of new 
records of plant diseases and their associated phytopathogens for South Africa. It is 
indicative of the need for further studies of phytopathogens infecting floricultural crops in 
South Africa in order to update the field and provide management strategies for floricultural 
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South Africa has been identified by Conservation International as a ‘megadiverse country’, 
and a number of irreplaceable biodiversity hotspots are recognised in the region (Mittermeier 
et al., 1997; Raimondo et al., 2013). It is estimated that approximately 20 000 species of 
vascular plants (approximately 5% of the world’s total plants) occur naturally within the 
borders of the country (Manning, 2003; Pooley, 2005; Van Jaarsveld, 2006; Raimondo et al., 
2013.) Many indigenous plant species that were originally native to the country were admired 
and collected by early travellers and botanists during their explorations of the region and then 
transported back to botanical hubs in the developing world. The descendants of these 
originally South African plant species have since made significant contributions to the 
development of the global floricultural industry (Reinten et al., 2011). 
Floriculture is a branch of horticulture that deals with the cultivation of plants for their flowers 
(and other ornamental characteristics that people admire), rather than for human 
consumption, animal feed or other purposes (Singh, 2006). The floricultural industry that has 
developed in the modern world is significant and many international organisations devoted to 
the expansion of the industry exist, including the International Association of Horticultural 
Producers (AIPH: http://www.aiph.org/site/index_en.cfm) and the Floriculture Research 
Alliance (FRA: http://floriculturealliance.org/). Floricultural productivity contributes a 
significant portion to the agricultural sector of the GDP of a number of developing countries, 
including South Africa (Bester et al., 2009; Netnou-Nkoana & Eloff, 2012). Khachatryan et al. 
(2014) have stated that they ‘expect that the demand for floriculture and nursery crops and 
landscaping services will likely increase in the next several years’ in the USA’. 
Floricultural practitioners, like all horticultural practitioners, are faced with a number of 
constraints that can affect their plants, production cycles and potential profits (Mwanga & 
Cloete, 2003; Sergeant, 2004; Emana & Gebremedhin, 2007). One challenging issue faced 
by all ornamental plant producers is the need to produce high-quality, unblemished plants 
and plant products to supply markets and consumers that demand perfection (Hartmann et 
al., 2011). Plant diseases have the potential to dramatically reduce the profits of  ornamental 
plant producers because: (a) susceptible plant varieties can be killed outright or stunted by 
pathogen infection; (b) pathogens can create blemishes on and cause other disfigurements 
of crop products, which can seriously reduce their aesthetic appeal and subsequent 
marketability; and (c) the costs associated with the requisite levels of disease control to 
obtain entirely unblemished crop products are often high.  
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The aims of this research project were threefold: firstly, to investigate the potential role of 
phytopathogens in prevalent plant diseases observed on indigenous ornamental plant 
species growing in Pietermaritzburg, KwaZulu-Natal, South Africa; secondly, to attempt to 
identify any phytopathogenic organisms implicated as being responsible for the plant 
diseases investigated; and, thirdly, to provide a review of disease literature (pertinent to the 
ornamental plant species studied) for future researchers in the field. The three plant species 
chosen to form the basis of these studies were Clivia miniata Regel, Strelitzia reginae Aiton 
and Zantedeschia aethiopica Spreng. These species were chosen because of their 
widespread appeal as floricultural crops, the ubiquity of disease symptoms observed on 
plants wherever they were being grown and the apparent lack of any recent, detailed 
investigations of their diseases in South Africa. 
The specific goals of this project were to isolate and characterise the suspected 
phytopathogenic organisms responsible for causing (i) leaf spotting and dieback observed on 
C. miniata, (ii) leaf and petiole blight observed on S. reginae, (iii) flower blight of S. reginae, 
(iv) necrotic soft rots of C. miniata, (v) leaf blight and necrosis observed on Z. aethiopica and 
(vi) virus-like diseases of C. miniata and other Clivia species. Symptoms were regularly 
observed on plants of these species wherever they were cultivated, in both home gardens 
and in commercial settings, in KwaZulu-Natal, South Africa. Some diseased plant material 
examined for this thesis also came from other South African provinces. All these diseases 
have been widely observed and reported by many commercial and hobbyist growers of the 
plants for a number of years. Definitive studies, utilising both morphological and molecular 
identification criteria to identify pathogenic microbes implicated in the disease complexes 
observed in this study, have not been carried out previously in South Africa. 
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LITERATURE REVIEW  
1.1 INTRODUCTION 
The relationship between plants and humans has a long, complex and interesting history. 
The food, feed, fibre and medicinal products derived from plants for the myriad of uses that 
these products are used today are invaluable as the basis for foods and industries the world 
over (Singh, 2006). Although plants are chiefly grown for their contribution towards mankind’s 
everyday survival, significant interest is also vested in growing plants for another purpose, 
namely the decorative and ornamental value provided by their flowers, fruits and foliage 
(Save, 2009). 
 
The impact of pathogens on agricultural crop plants is well known and forms the core of plant 
pathology – the study of the microorganisms and environmental factors that cause disease in 
plants, the mechanisms by which diseases these factors induce diseases in plants, and the 
methods of preventing and controlling diseases to reduce they damage that they cause 
(Agrios, 2005). Ornamental plants are subject to attack by a range of pests and pathogens. 
Since considerable economic interest is vested in ornamental plant production, the 
deleterious effects of phytopathogens on ornamental plants translate into direct economic 
losses for the horticultural industry.  
 
A key step in the control of any plant disease is to identify the organism responsible for 
causing disease in the affected plants (Moorman, 2006). Once the pathogen has been 
identified, control measures can be developed appropriately (Moorman, 2006). Research into 
the identification of pathogens associated with economically important ornamental plants is 
of importance to the stability of the global industry. 
 
1.2 THE DEVELOPMENT OF THE INTERNATIONAL FLORICULTURAL INDUSTRY AND 
ITS INFLUENCES ON THE SOUTH AFRICAN INDUSTRY 
Plants have been grown by man for their ornamental value for thousands of years. Heywood 
(2003) stated that ‘the introduction of wild species into cultivation for ornament began in 
several civilizations not long after the first domestications of plants for agriculture’. Flowers 
have long held special meaning and significance in many cultures and, in many cases, there 
is such an intricate association of flowers with social beliefs and cultural practices that the 
symbolism attached to and associated with certain flowers can be traced back throughout 




Flowers are also grown for many other purposes aside from their decorative and religious 
value. Spices such as saffron and cloves are derived from floral structures, vegetables such 
as broccoli, cauliflower and artichokes are the flowering heads of Brassica oleracea L and 
Cynara cardunculus L. eaten as vegetables, hop flowers are a crucial ingredient in the 
making of beer, and many of the active ingredients in essential oils and fragrances were or 
still are derived from aromatic compounds extracted from plants (Heywood, 2003). 
 
The pursuit of plants for their ornamental value has sometimes led to spectacular 
investments of time and resources being made to obtain certain types of plants, held to be 
highly desirable by society at the time. The Dutch phenomenon of tulip mania, which peaked 
in 1636-1637, saw single tulip bulbs selling for extremely high prices but this peak was soon 
followed by a dramatic and sudden collapse where the same bulbs could be sold for only a 
fraction of their peak value (Garber, 1989; Hull, 2009). A similar ‘bubble’ developed in 
Victorian England in the 19th century, where orchids became the group of plants that were 
excessively coveted. This period is termed ‘orchidelirium’ and saw wealthy orchid fanatics 
financing expeditions to most parts of the world to collect orchids, which were auctioned in 
London upon their return and often fetched extravagant prices (Orlean, 2000).  
 
In today’s world, the growth of plants for their ornamental value has developed into a major 
international industry known as floriculture. Floriculture can be defined as the ‘cultivation, 
production and marketing of floral crops’ (Singh, 2006). Due to the ubiquity of plants in 
everyday life, floral crops are very diverse in nature but generally include bedding/garden 
plants (herbaceous perennials), potted bedding and garden plants (annuals, perennials and 
herbaceous perennials), annual bedding and garden flats, flowering hanging baskets, potted 
flowering plants (including orchids, roses, spring-flowering bulbs and African violets), foliage 
plants, cut flowers, cut cultivated greens and propagative floriculture materials (Anonymous, 
2011a). 
 
Wentzel & Pinckaers (2005) estimated that the revenues generated worldwide from the 
export of plants (namely lives trees, bulbs, cut flowers and ornamental foliage) to be US$ 
12.4 billion in 2003. Matthee et al. (2006) stated that the international revenue generated 
from the import and export of floricultural products exceeded US$ 18 billion in 2006. A report 
released in 2013 by United States Department of Agriculture (USDA) on the US floricultural 
industry estimated that the total wholesale value of floricultural crops produced in the USA in 
2012 was approximately US$ 4.13 billion (Anonymous, 2013).  
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According to Nell (2007), scientific research into floricultural production since the beginning 
of the 20th century can be chronologically characterised in the following manner: most 
research performed in the early 20th century was on optimising production techniques for 
various new flowering crops, such as carnations, chrysanthemums and snapdragons. In the 
1940s, an understanding of photoperiod and its effect on plant growth allowed the 
commercial flower industry to begin producing year round flower crops. In the 1950s and 
1960s, emphasis was placed by researchers on understanding plant nutrition and sources of 
nutrients, application times and methods for fertilisation to increase production.  
A shift in the movement of flower production centres further from their markets began in the 
early 1960s. This took place because producers found better environmental conditions for 
production, cheaper labour and increased availability of natural resources further away from 
urban centres (Nell, 2007). Up until the 1970s, however, floricultural products were still 
generally produced for the local market or for a country’s immediate neighbours due to the 
perishable nature of most floral crops (Reid et al., 2008).   
The subsequent development of air travel now offers plant producers opportunities for the 
international transport of plant material that would not have been possible beforehand. 
Frequent and reliable air travel, coupled with improvements in postharvest crop treatments, 
now means that consumers can receive high quality floricultural crops from almost anywhere 
and in a timely manner (Nell, 2007). It is air travel that allows South Africa to send cut 
flowers, live plants, foliage plants and flower bulbs to the main markets for these exported 
products in Europe, the United States and Asia (Van Rooyen, 2005).  
The floriculture industry in South Africa is small but comprises an important segment of the 
South African agricultural sector (Bester et al., 2009). Boshoff & Coetzee (2007) estimated 
that sales on local floriculture markets grossed R260 million (US$ 37 million) and revenues 
generated from plant product exports amounted to R371 million (US$ 53 million) in 2005. 
Netnou-Nkoana & Eloff (2012) ranked ‘flower production as one of the most efficient 
contributors to development and growth in the South African economy’ and state that ‘the 




1.3 SOUTH AFRICAN FLORAL DIVERSITY AND ITS IMPACT ON GLOBAL 
FLORICULTURE 
European exposure to South African flora began in the late 1600s and early 1700s, at the 
time that Linnaeus was developing his ideas and systems for plant classification and 
nomenclature (Goldblatt, 1978). The impact of these unusual plants was so great that 
Southern Africa became one of the first areas outside of Europe to be botanically explored 
and have its plants scientifically classified (Goldblatt, 1978).  
Today, South Africa is acknowledged to have a rich botanical wealth and diversity and it has 
been estimated that approximately 23 000 plant species are native to the country (Van 
Jaarsveld, 2006). As many as 19 000 of these species are angiosperms, or flowering plants, 
and hence may be of some floricultural value (Manning, 2003). The diversity exhibited by 
South African flora is a result of the interplay between the diversity of geographic and climatic 
factors that influence the country’s landmass and South African vegetation is divided into at 
least eight biomes (Manning, 2003). Each biome represents a distinct community of plants 
characterised by the dominant biology exhibited by its component plants, which in turn is a 
direct response to climatic and geographic factors influencing the area which each biome 
occupies (Rutherford, 1997). The distribution of these biomes can be seen in Figure 1.1, 
where South Africa’s nine provincial capital cities are also indicated. 
 
Figure 1.1 Distribution of South African vegetation biomes (Manning, 2003) 
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Reinten et al. (2011) provided a comprehensive review of South African plant species grown 
for ornamental use worldwide, which is reproduced in Table 1.1 below.  
Today, while these established indigenous species make significant contributions to the 
international cut-flower and bedding plant trades, there is continued interest in the large 
number of wild species found in South Africa that are yet to be cultivated (Pooley, 2005; Van 
Jaarsveld, 2006). Reinten et al. (2011) noted that South Africa is viewed internationally as ‘a 
hotspot of diversity and an important source of potential new cut flower cultivars’. It is likely 
that South Africa is also a ‘hotspot’ for new plant material for all other aspects of floricultural 
production as mentioned by Anonymous (2011a). 
Southern Africa is acknowledged to have a substantially richer flora than both East and West 
Africa (Linder, 2001). Within South Africa itself there are areas of especially high plant 
diversity - particularly well known is the fynbos biome in the southwestern Cape but Thuiller 
et al. (2006) identified additional centres of high species diversity in the eastern escarpment 
of South Africa, where a complex mosaic of forest, savanna and grassland communities 
occurs. Centres of plant diversity (CPDs) are defined as ‘areas of global botanical 
importance with high diversity and large numbers of endemic or threatened species with 
social, economic, cultural or scientific importance’ (Pooley, 2005). 
Pooley (2005) observed that two of these CPDs lie within the province of KwaZulu-Natal in 
eastern South Africa. These are the Maputaland (also known as Tongaland) Region and the 
Drakensberg Alpine CPDs, which occur in the extreme northeast and southwest of the 
province respectively (Cowling & Hilton-Taylor, 2003; Pooley, 2005). Pooley (2005) 
estimated that more than 11 000 plant species, subspecies and varieties of flowering plants 
(excluding grasses, trees and large woody plants) occur in the KwaZulu-Natal region covered 
by her field guide,. 
The University of KwaZulu-Natal- Pietermaritzburg campus, where the research for this 
thesis was conducted, is situated in the city of Pietermaritzburg in the province of KwaZulu-
Natal. Aside from serving as KZN’s capital, Pietermaritzburg straddles the border between 
the savannah and grassland biomes at an altitude of 596 m above sea level (Manning, 2003; 
Richards et al., 2006) (Figure 1.1). The climate is subtropical with an average annual rainfall 
of 850 mm falling mainly during the hot, humid summers (Annandale et al., 2002). 
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Table 1.1 Indigenous South African plant species of commercial interest in the international 
floricultural trade. Uses indicated are: F = fresh flowers, D = dried flowers, Fol = foliage 
(leaves, stems, fruits or small flowers), Pot = potted flowers (excluding foliage plants) 


















1.4 PROPAGATION OF ORNAMENTAL PLANTS 
Taxonomic nomenclature is important when it comes to the naming of ornamental plants as 
many present-day ornamental varieties only exist in cultivation and have been derived from 
natural variants of wild plant species, through mutagenesis or through complex intra- and 
interspecific hybridisation carried out by plant breeders (Jain, 2006; Hartmann et al., 2011). 
These plants are termed cultivars and are distinct from plant species in that plant species are 
capable of more or less maintaining their distinctive characteristics through subsequent 
generations due to their natural genetic characteristics that delineate them. Cultivars would 
likely change dramatically or disappear entirely if not maintained by genetic selection by plant 
breeders and propagators (Hartmann et al., 2011). 
Plants can be propagated in numerous ways, but the basic distinction that can be made 
between the various methods is whether the new plants are produced in a sexual nature by 
the parent material (seed) or whether the new plants are produced in an asexual manner 
(vegetative propagation). Since many plants naturally exhibit numerous modes of 
propagation to maximise their survival, it holds true that many common ornamental plants 
can be propagated both from seed and vegetatively. The use of either form depends on the 
type of plant being propagated and on the specific situation for which the plants are grown 
(Hartmann et al., 2011).  
1.4.1 Seed propagation 
Seed propagation is the most common method used for the production of ornamental plants 
(Hartmann et al., 2011). Almost all plant species reproduce via the production of seed and it 
follows that harvesting and sowing of seed is possibly the easiest method of raising 
ornamentals. In some cases, plants can only be propagated from seed and vegetative 
methods do not work. Seeds also provide advantages towards the producer that working with 
living plant material does not confer (Lambardi et al., 2006). These advantages are namely 
that seeds are easier to store, transport and handle than live material, seed sowing can be 
mechanised in a way that vegetative propagation cannot, and seeds are more resistant to 
damage caused by diseases and pests than living material is (Lambardi et al., 2006). 
The cultivars produced by ornamental plant breeders often exhibit genotypic stabilisation that 
results in phenotypic stabilisation amongst the progeny plants grown from seed (Hartmann et 
al., 2011). This is particularly true for annual and biennial ornamentals, whose short life 
cycles allow for rapid selection and fixation of desirable traits in the population (Callaway & 
Callaway, 2000). Genetic variation due to the inherent processes that occur during the 
production of gametes is limited in these instances since the parent plants exhibit little 
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variation themselves. However, sexual reproduction inherently generates variation amongst 
the offspring produced if the parents exhibit variation themselves (Snustad & Simmons, 
2006).  
Plant groups such as woody perennials and ornamental trees are also commonly propagated 
from seed. However, since these types of plants possess much longer lifecycles than 
annuals or biennials, it is harder for breeders to work towards genetic fixation of desirable 
traits (Hartmann et al., 2011). As such, these traits may not be consistently passed onto the 
next generation of seedlings unless appropriate measures are followed (Hartmann et al., 
2011).  
1.4.2 Vegetative propagation 
In some instances, ornamental cultivars do not breed true from seed because their genetics 
are not stabilised or they do not constitute inbred lines and so the use of seed is nullified for 
their propagation. Plants, however, possess an important feature that allows them to 
regenerate from severed parts. Snustad & Simmons (2006) term this feature ‘totipotency’ 
and define it further as ‘the ability of a single cell to produce all the differentiated cells of the 
mature plant’.  
This is in effect asexual reproduction on the plant’s part and vegetative propagation of plants 
results in the production of new, genetically identical individuals from the original parent 
material. These new plants, being clones, will display identical characteristics to the parent 
plant material. If the cultivar in question cannot be reproduced faithfully from seed, then 
clonal propagation is the only method that can be used to grow new plants from the initial 
parent that displays good characteristics to the plant breeder.  
Clonal regeneration is an important method of propagation for many ornamentals and 
cuttings are the chief type of regeneration propagule used across the scope ornamentals 
(Smith, 2007; Hartmann et al., 2011). Plant tissue culture is now also a widely used and 
successful form of vegetative propagation and Moyo et al. (2011) stated that ‘plant tissue 
culture and its related biotechnology techniques have made significant contributions in the 
growth of the floriculture industry through mass micropropagation of healthy plantlets and the 
facilitation of molecular breeding applications’.  
Synthetic or artificial seeds are a relatively recent addition to the array of vegetative 
propagation methods used for ornamentals and combine the advantages of clonal 
propagation with those of seed propagation mentioned previously (Lambardi et al., 2006). 
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1.5 THE PRESENCE, IMPACT AND CONTROL OF PLANT DISEASES IN THE 
FLORICULTURAL INDUSTRY 
The horticultural industry is rigorous in its maintenance of quality standards and any 
irregularities in the quality of the product reduce its value significantly. Townsley-Brascamp & 
Marr (1995) analysed ornamental plant attributes that affect consumer appreciation and 
found that apparent plant health had the greatest effect on whether the consumers 
purchased a plant or not. Consumers judged plant health by the absence of pests and 
diseases, and the bushiness of the plants. The authors stress the importance of maintaining 
healthy plants and the need for research into pests and diseases of ornamentals.   
Hence, plant pathogens are important during the growth of ornamental plants because of the 
damaging effects they can have on the health of the plants and subsequent losses of product 
quality. Bacteria, fungi and viruses are the three chief groups of phytopathogens responsible 
for diseases in ornamental plants (Hartmann et al., 2011). Viroids, phytoplasmas and 
nematodes are also responsible for diseases of ornamental crops (Harden, 1992).  
Table 1.2 below provides some estimates of the economic value of ornamental crop losses 
experienced in Georgia, USA in 2006 due to the presence of pathogens (Martinez, 2007). 
The losses incurred by the industry equate to approximately 10 % of Martinez’s (2007) 
estimate of the entire value of the industry for that year. It is clear that pathogens cause 
significant economic losses to the industry and as Hartmann et al. (2011) noted, plant 
pathogenic bacteria, fungi and viruses were primarily responsible for these losses.  
Table 1.2 Economic losses for ornamental production experienced in Georgia, USA in 2006 




Damping off is probably the most common disease encountered when ornamentals are 
grown from seed (Hartmann et al., 2011). This syndrome is caused by a number of soil-
borne fungi, namely species of Fusarium Link, Phytophthora de Barry, Pythium Nees and 
Rhizoctonia DC. (Agrios, 2005). The first three genera are readily and rapidly disseminated 
by surface water and so suppressing them in the water used at all stages of growing the 
plants is critical to their control (Hartmann et al., 2011).  
Daughtrey (2007) stated that fungi are likely to cause disease during all stages of ornamental 
propagation. In addition to the four fungal genera that cause damping off, other problematic 
fungi are species of Botrytis P. Micheli, Cylindrocladium Morgan, Sclerotinia Fuckel and 
Thielaviopsis Went (Daughtrey, 2007).  
Sobiczweski (2008) observed that although only approximately 2 % of known bacterial 
species are phytopathogenic, the presence of these organisms in plant production systems 
presents an important factor limiting the growth and cropping of infected plants and economic 
losses can be significant. Newman (2008) noted that commonly encountered bacterial 
greenhouse diseases include bacterial wilts (caused by Pseudomonas Migula sp. and 
Ralstonia solanacearum Yabuuchi et al.), bacterial blight (caused by Xanthomonas Dowson 
sp.), soft rot (caused by Erwinia Winslow et al. and Pectobacterium Waldee sp.) and crown 
gall (caused by Agrobacterium tumefaciens Smith & Townsend).  
Viruses infecting ornamental crops are diverse and include members of many genera. 
Commonly occurring genera include cucumoviruses, potyviruses, tobamoviruses and 
tospoviruses (Daughtrey & Benson, 2005; Tomioka et al., 2012). The tospoviruses Impatiens 
necrotic spot virus (INSV) and Tomato spotted wilt virus (TSWV) are particularly widespread 
amongst ornamental plant genera. McDonough et al. (1999) provided the following list of 
ornamentals (Table 1.3) that are known to be infected by one or both of these viruses.  
Newman (2008) summarised methods to accomplish effective disease control in floricultural 
crops and defined three main areas on which producers should focus, namely: i) sanitation, 
ii) clean stock and iii) seed treatment. These three principles should be integrated for the 
best chances of controlling important diseases. Hartmann et al. (2011) emphasised that plant 
pathogen management begins prior to propagation taking place, through the proper 
manipulation of stock and container grown plants from which seeds or vegetative propagules 
are obtained.  
The presence of pathogens often results in the production of plants of inferior quality, leading 
to profit losses because later finishing and selling phases of the crop will be delayed or 
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nullified if the plant dies (Hartmann et al., 2011). Stock plants and propagative material 
should be kept as disease-free and clean as possible before propagation and cultivation 
media and beds should be treated to exclude and suppress pathogens wherever possible.  
Table 1.3 Host plants for tospoviruses TSWV and INSV listed by greenhouse crop type 
























1.6. TAXONOMY, CULTIVATION AND PROPAGATION OF CLIVIA Lindl., STRELITZIA Ait. 
AND ZANTEDESCHIA L. 
1.6.1 Clivia (Bush lily) 
The genus Clivia was named after Lady Clive, the Duchess of Northumberland, by John 
Lindley after she managed to get the first example of the type species (Clivia nobilis Lindl.)  
to flower in London in 1828 (Pooley, 2005). The genus belongs to the family Amaryllidaceae 
and consists of 6 species of evergreen, rhizomatous perennials that produce dark green, 
strap-shaped leaves and umbels of orange or rarely yellow flowers (Aubrey, 2001a; Conrad 
& Snijman, 2011). An important distinction made amongst Clivia species is between that of 
the pendulous flowered species [C. caulescens (Dyer), C. gardenia (Hook.), C. nobilis 
(Lindl.), C. mirabilis (Rourke) and C. robusta (Murray, Ran, De Lange, Hammet, Truter & 
Swanevelder)] and the only open flowered species, C. miniata (Regel) (Winter, 2006). 
Members of the genus generally inhabit areas of the forest and thicket biomes in the 
provinces of eastern South Africa, namely KwaZulu Natal, the Eastern Cape, Mpumulanga 
and Limpopo, and Swaziland that receive summer rainfall (Aubrey, 2001a). Figure 1.2 
(Dixon, 2011) illustrates the geographic distribution of each species in South Africa. C. 
mirabilis is very unusual in that is occurs in the Northern Cape in an area with a semi-arid, 
Mediterranean climate that receives only winter rainfall, 800 km away from the closest 
natural populations of any other clivia species (Rourke, 2002).  
There is significant phenotypic variation both between and within each clivia species for a 
number of traits related to their flowers, leaves and plant morphology. In addition, natural 
hybrids amongst the various species are known to occur where some of the species overlap 
in distribution (Dixon, 2011). The vast array of forms which clivia species and their hybrids 
exhibit allows ample scope for breeding programmes to develop desirable species and 
interspecific hybrid cultivars for use as pot plants worldwide (Reinten et al., 2011). Some 
examples of the variation present in the genus are illustrated in Figure 1.3 below. 
Clivias are propagated from seed or vegetatively from offsets. Seeds arise from sexual 
reproduction and so growing plants from seed is the standard method used for producing 
plants for breeding programmes and for raising plants that are not named cultivars, where 
variation amongst the progeny is desired. The removal of suckers from around the base of 
mature plants is commonly used to increase numbers of specific, named clivia cultivars. 
Since each sucker is a clone of the parent plant, this ensures that each new plant is identical 
to its parent. Vegetative propagation is desirable to increase the best plants obtained as the 
outcome of a breeding program. Clivias are difficult to propagate by tissue culture, however. 
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Clivias are relatively easy to cultivate but will not tolerate frost or prolonged cold periods and 
as such most clivia plants grown for the floricultural markets of Europe and North America 
are produced for the flowering pot plant trade (Duncan, 1999). Since clivias in most markets 
are grown primarily for the appeal of their flowers, breeders work tirelessly to develop better 
cultivars with better flowering characteristics in terms of flower colour, size, shape, petal 
broadness and arrangement as well as towards a balanced number of flowers per umbel to 
best display the blooms (Aubrey, 2001a). The architecture of the plant and the broadness 
and colour of the leaves in terms of variegation can also be highly valued, as is particularly 
evident in China, Japan and Korea where clivia are grown as permanent house plants and 
hence admired for more than just their flowers (Duncan, 1999).  
Since the initial discovery of clivia in South Africa in the 1800s, there has always been 
substantial interest in the cultivation and breeding of the genus. Centres of breeding included 
England in the 19th and 20th centuries, Belgium during the same time period and still today, 
and China, Japan and Korea during the last 30 years (Duncan, 1999; Dixon, 2011). Interest 
in growing clivias has seen a renewed upsurge, both in South Africa and abroad, since the 
formation of the Clivia Society in 1992 (Dixon, 2011). Although the Clivia Society is located in 
South Africa, it provides a ‘conduit for the enthusiasm and energy of clivia devotees 
worldwide’ and the society exists ‘to facilitate the common interests of clivia clubs worldwide 
through, amongst others, the publication of a yearbook and quarterly newsletters, the 
registration of named cultivars, development of judging criteria and fostering research on 




Figure 1.2 Distribution map of the genus Clivia, showing its relationships with Southern 
African subtropical thicket vegetation and the sandstones of the Cape Supergroup and Natal 
Group. The range limits of Groups 1 and 2, two yellow-flowered forms of C. miniata are also 











Figure 1.3 Representatives of the genus Clivia – C. miniata, C. nobilis and a C. miniata 
cultivar (clockwise from top left) (Aubrey, 2001a; Winter, 2006) 
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1.6.2 Strelitzia (Bird of paradise flower) 
The genus Strelitzia consists of five species of banana-like plants, occurring naturally in the 
forest and thicket biomes in the eastern regions of Southern Africa, specifically in South 
Africa and Zimbabwe (Pooley, 2005; Cron et al., 2012). The genus is the type of its family, 
the Strelitziaceae, and was named in honour of Queen Charlotte from the house of 
Mecklenburg-Strelitz and wife to George III of England (Pooley, 2005). The five Strelitzia 
species are Strelitzia alba (Skeels), S. caudata (Dyer), S. juncea (Link), S. nicolai (Regel & 
Koern.) and S. reginae (Ait.) (Hensley et al., 2008; Xaba; 2011; Vieira et al., 2012). All 
species are found in eastern South Africa, in a broadly similar geographic area to the various 
Clivia species, with outlying populations of S. caudata in the eastern highlands of Zimbabwe 
(Cron et al., 2012). The distribution of the various species is outlined in Figure 1.4 below.  
Figure 1.4 Phylogenetic analysis of combined molecular and morphological data for Strelitzia 
and distribution of the five species in South Africa (Cron et al., 2012) 
The most widely known species is S. reginae, which is grown as a cut flower and pot plant 
worldwide and used extensively for outdoor landscaping purposes in areas with similar 
climates to its temperate native range (Hensley et al., 2008; Hoffman et al., 2011; Xaba, 
2011). Vieira et al. (2012) commented that S. reginae is admired for cut flower production 
because its orange and blue flowers are brightly coloured, large, develop on a long, sturdy 
stem and exhibit good postharvest durability and longevity. A typical flower of S. reginae is 
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illustrated in Figure 1.5a below. Plants produce the most flowers when cultivated in full sun 
and in well-drained soil and can form clumps large enough to hold dozens of flower spikes at 
a time (Hensley et al., 2008). 
Although highly valued for its flowers, S. reginae does possess some traits which present 
difficulties in cultivation. North et al. (2010) noted that S. reginae is ‘one of the very few 
important cut flower plants for which no uniform cultivars are available’. However, 
Kirstenbosch Botanical Gardens in South Africa have maintained a breeding programme 
since the late 1990s, with the most notable release being S. reginae ‘Mandela’s Gold’- a 
yellow-flowered variety that breeds true to type from seed and is illustrated in Figure 1.5b 
(Xaba, 2011).  
 
Figure 1.5 (a) Bird-of-paradise (Strelitzia reginae) displaying showy orange and blue flowers 
that are highly valued as cut flowers worldwide (photograph taken by author), (b) Strelitzia 
reginae ‘Mandela’s Gold’ – a yellow-flowered cultivar that breeds true to type (Notten, 2002) 
 
The general lack of cultivar development in S. reginae is attributed to the fact that 
conventional methods of propagation are slow. Strelitzias are generally propagated from 
seed or vegetatively via division of plants (Criley, 1999; Vieira et al., 2012) but seed-grown 
plants take 3-5 years to first flowering and divisions take 1-2 years to re-establish (Hensley et 
al., 2008). North et al. (2010) cited a need for the development of tissue culture techniques 
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that can reliably and quickly generate large numbers of plants to allow expansion of 
production, which is not yet accessible to Strelitzia growers. 
1.6.3 Zantedeschia (Calla lily) 
Zantedeschia is a member of the family Araceae and the genus is comprised of seven 
species, all endemic to South Africa (Welsh & Clemens, 1992; Pooley, 2005). The genus 
was named in honour of an Italian physician and botanist, Francesco Zantdeschi, and plants 
were first introduced to horticulture in Europe in the 1600s (Pooley, 2005). The members of 
the genus are informally separated into two groups, namely the Group 1 species, Z. 
aethiopica (L.), and the five Group 2 species, namely Z. albomaculata (Hook.), Z. elliottiana 
(Watson), Z. jucunda (Letty), Z. pentlandii (Watson) and Z. rehmanii (Engl.) (Griffin & 
Grobicki, 2000; Kuehny, 2000). The seventh species, Zantedeschia odorata (Perry), shares 
characteristics of both groups (Griffin & Grobicki, 2000).  
Zantedeschia aethiopica is classified separately to the rest of the genus due to difference in 
its rooting structures and the fact that it is evergreen under suitable growing conditions 
(Kuehny, 2000; Ghimire et al., 2012). Zantedeschia aethiopica grows from a long, branched 
rhizome and can flower year round if it remains evergreen (Kuehny, 2000). It grows naturally 
in marshy areas and produces white spathes that are sturdy in nature and are hence 
attractive for cut flowers due to their long shelf lives (Lazzereschi et al., 2011; Ghimire et al., 
2012). It is illustrated in Figure 1.6 below.  
Figure 1.6 Zantedeschia aethiopica flower and plant (Aubrey, 2001b). 
The group 2 species are deciduous geophytes that grow from perennial tubers/compact 
stems and their growth is characterised by a cycle of alternate periods of growth and rest 




from these deciduous Zantedeschia species and they are popularly grown as outdoor garden 
plants, cut flowers and pot plants worldwide (Kuehny, 2000; Sandler-Ziv et al., 2011; Ghimire 
et al., 2012). Chief countries of coloured Zantedeschia production are Holland, New Zealand 
and the US (Sandler-Ziv et al., 2011). Table 1.4 below is reproduced from Kuehny (2000) 
and lists the variety of commercially grown Zantedeschia species and hybrids available in 
international markets. Figure 1.7 shows four other Zantedeschia species that have 
contributed to the breeding of selections and cultivars from these Group 2 species and show 
some of the variation in the genus with which breeders can work to develop new and better 
cultivars. 
Figure 1.7 Zantedeschia species that have contributed to the floricultural development of the 











Zantedeschia species can be easily propagated from seed or from division of offsets from the 
rhizomes/tubers of mature plants (Sandler-Ziv et al., 2011). Seed-grown plants may exhibit 
variation amongst individuals and this method can be useful for the development of better 
cultivars in breeding programmes or in circumstances where large numbers of plants are 
required and variation is amongst the progeny is not detrimental to the production process.  
Hybrid Zantedeschia cultivars will not reproduce faithfully from seed and so methods of 
vegetative propagation are used for commercial multiplication of these varieties (Welsh & 
Clemens, 1992; Lazzereschi et al., 2011). Tubers of cultivars can be divided, as for the 
Zantedeschia species, but the production of plantlets in vitro through the use of tissue culture 
techniques is the most common method employed these days (Welsh & Clemens, 1992; 
Sandler-Ziv et al., 2011).  
1.7 SUMMARIES OF DISEASE LITERATURE AVAILABLE FOR CLIVIA, STRELITZIA AND 
ZANTEDESCHIA 
Clivia and Strelitzia species, hybrids and cultivars are affected by a variety of diseases 
caused by a number of phytopathogenic organisms. Tables 1.5-1.12 below present a 
summary of the known pathogens that affect the genera. 
1.7.1 Clivia pathogens 
Available literature cites a number of diseases of Clivia species and hybrids in South Africa 
and internationally. Fungi seem to be the most numerous pathogens reported, whilst 
bacterial and viral diseases seem to be more limited in number, based on the published 
literature. 
Table 1.5 Known bacterial pathogens of Clivia 
Genus Species
Common name of disease 
and/or host organs affected Clivia  species Reference
Erwinia cypripedii brown rot Clivia spp. Han & Choi (1994)
Pectobacterium carotovorum subsp. carotovorum soft rot Clivia miniata Choi & Lee (2000); Laing (2009)








Table 1.6 Known fungal pathogens of Clivia 
Genus Species
Common name of disease 
and/or host organs affected Clivia  species Reference
Alternaria tenuissima Clivia spp. Swart (2005)
Blennoria sp. Clivia spp. Oprea & Neamtu (2001)
Colletotrichum  boninense leaf spot Clivia spp. Moriwaki et al. (2003); Hyde et al . (2009); Silva-Rojas & Avila-Quezada (2011)
cliviae leaf spot C. miniata Hyde et al. (2009); Yang et al. (2009)
gloeosporiodes anthracnose C. miniata Whitlock (1986); Crous et al. (2000) 
karstii anthracnose C. miniata Damm et al. (2012b)
trichellum anthracnose C. miniata Kim et al. (2001)
sp. Clivia spp. Swart (2005)
Fusicoccum  luteum C. miniata Braithwaite et al. (2006) 
Fusarium oxysporum C. miniata Swart (2004)
sp. damping off Clivia spp. Stroh (2002) 
Phoma sp. C. miniata Swart (2004)
Phytophthora sp. damping off Clivia spp. Stroh (2002)
Pythium sp. damping off Clivia spp. Stroh (2002)
Stagnospora curtisii leaf and stalk spot Clivia spp. Hill, (1982); Stroh (2002); Punithalingam & Spooner (2005)
Strelitziana cliviae C. miniata Crous & Groenewald (2012); Crous et al. (2012a)
Macrophoma agapanthii leaf dieback Clivia spp. Stroh (2002)
sp. leaf spot C. miniata Zhang (1990)
Rhizoctonia solani damping off Clivia spp. Stroh (2002)
Sclerotium rolfsii collar rot Clivia spp. Stroh (2002)  
Table 1.7 Known viral pathogens of Clivia 
Genus Species
Symptoms of 
infected plants Clivia  species Country reported Reference
Potexvirus Undetermined Clivia hybrids New Zealand Hammet (2004)
Potyvirus Narcissus late 




C. gardenii, C. miniata ‘Belgium 
hybrid’, C. miniata var.  citrina
Australia Adcock (2007) 
Tospovirus Iris yellow spot virus 
(IYSV)
Clivia spp. Japan Jones (2005); Gent et al. (2006)
Tomato spotted wilt 
virus (TSWV)
Clivia spp. Holland, USA Verhoeven & Roenhorst (1994); 
McDonough et al. (1999)  
1.7.2 Strelitzia pathogens 
Bacterial and fungal diseases have been reported on Strelitzia in South Africa and 
internationally. Fungal diseases seem to be slightly more numerous than bacterial diseases, 
whilst there are no reports of any viral pathogens on Strelitzia published in available 
literature. 
Table 1.8 Known bacterial pathogens of Strelitzia 
Genus Species
Common name of disease 
and/or host organs affected Strelitzia  species Reference
Acidovorax avenae subsp. avenae bacterial leaf stripe S.nicolai Wehlburg (1971); Seijo & Peres (2011)
avenae subsp. avenae bacterial leaf stripe S. reginae Seijo & Peres (2011)
Burkholderia gladioli leaf spot and blight S. reginae Cirvilleri et al. (2006a)
Pectobacterium carotovorum subsp. 
caratovorum
brown rot S. reginae Ogorodnik et al. (1996); Abd-El-Khair & Nofal 
(2001)
Pseudomonas  syringae pv. delphinii necrosis and soft rot of flowers S. reginae Abd-El-Khair & Nofal (2001)
syringae pv. syringae S. reginae Cirvilleri et al. (2005); Cirvilleri et al. (2006b).
sp. bacterial leaf stripe S. reginae Wehlburg (1970); Miller (1976)
Ralstonia solanacearum bacterial wilt S. reginae Liu et al. (2009); Rodrigues et al. (2011); 
Chandrashekara et al. (2012)
Xanthomonas campestris S. nicolai Chase & Jones (1987)
campestris S. reginae Chase & Jones (1987); Miller & Chase (1987); 




Table 1.9 Known fungal pathogens of Strelitzia 
Genus Species
Common name of disease 
and/or host organs affected Strelitzia  species Reference
Armillaria mellea S. reginae Davino (1984); Coetzee et al. (2001)
Botrytis cinerea grey mould of flowers S. reginae Halevy et al. (1978); Criley & Paull (1993);  McKenzie 
& Dingley (1996); Finger et al . (2003); Braithwaite et 
al . (2006)
Calonectria ilicicola brown leaf spot S. reginae Hirooka et al. (2008)
Colletotrichum  gloeosporiodes anthracnose S. reginae Korade et al. (2001); Lin et al.  (2006)
Cylindrocarpon destructans root rot and leaf wilt S. reginae Grasso & Cutuli (1972)
Cylindrocladium clavatum S. reginae Barnard et al. (1989)
pteridis S. reginae Crous & Wingfield (1994) ; Kubota (2001)
Fusarium culmorum root necrosis and plant wilt S. reginae Orlikowski (1977)
moniliforme root necrosis and plant wilt S. reginae Orlikowski (1977)
oxysporum root necrosis and plant wilt S. reginae Orlikowski (1977)
roseum flowers S. reginae Garibaldi (1964)
solani root necrosis and plant wilt S. reginae Orlikowski (1977)
sporotrichiodes S. reginae Braithewaite et al.  (2006)
Microsphaeropsis sp. leaf and peduncle spot S. reginae Agosteo & Pennisi (1996)
Penicillium sp. S. reginae Finger et al. (2003)
Pestalotiopsis versicolor leaf spot and blight S. nicolai Braithewaite et al.  (2006)
Phoma nigricans Strelitzia sp. Braithewaite et al.  (2006)
Phyllacora strelitziae tar spot S. alba Doidge (1942); Crous et al. (2000)
Phytophthora nicotianae leaf blight and root and foot rot S. reginae Luongo et al. (2010)
Sclerotium rolfsii southern blight S. reginae Polizzi et al. (2007)
Strelitziana africana Strelitzia sp. Arzanlou & Crous (2006); Crous & Groenewald (2012)
Thanatephorus cucumeris S. nicolai Braithewaite et al.  (2006)
Toxicocladosporium strelitziae S. reginae Crous et al. (2012b)
Ulocladium chartarum leaf spot S. reginae Babelegoto et al . (1987); Vannini & Vettraino (2000)  
1.7.3 Zantedeschia pathogens 
Zantedeschia species and hybrids are subject to many diseases, as has been reported in 
literature from South Africa and abroad. A number of bacterial species have been reported to 
cause soft rot of plants and tubers and many fungi have been shown to cause spotting and 
disfigurement of Zantedeschia leaves and flowers as well as storage rots of tubers and 
vascular wilts. Viral pathogens are also prevalent in the genus, with most of the viral species 
belonging to the Potyviridae. 
Table 1.10 Known bacterial pathogens of Zantedeschia 
Genus Species Common name of disease Zantedeschia species Reference
Chryseobacterium indologenes soft rot of tubers Zantedeschia hybrids Mikicinski et al . (2010b)
Chryseobacterium sp. Zantedeschia hybrids Mikicinski et al . (2010b)
Erwinia chrysanthemi soft rot of tubers Zantedeschia hybrids Lee & Chen (2002); Mikicinski et al . (2010a)
Paenibacillus  polymyxa soft rot of tubers Zantedeschia hybrids Mikicinski et al. (2010a)
Pectobacterium  carotovorum subsp. atrosepticum soft rot of tubers Zantedeschia hybrids Mikicinski et al . (2010b)
Pectobacterium  carotovorum subsp. carotovorum soft rot of tubers Zantedeschia hybrids Wright (1998); Lee & Chen (2002); Snijder & van Tuyl (2002); Snijder et al . (2004); 
Cho et al . (2005); Janse (2006); Mikicinski et al . (2010a)
Pseudomonas marginalis soft rot of tubers Zantedeschia hybrids Krejzar et al . (2008); Mikicinski et al . (2010a); Mikicinski et al . (2010b)
Pseudomonas putida soft rot of tubers Zantedeschia hybrids Krejzar et al . (2008); Mikicinski et al . (2010a)
Pseudomonas veronii soft rot of tubers Zantedeschia hybrids Mikicinski et al . (2010b)
Xanthomonas campestris pv. zantedeschiae bacterial leaf spot and blight Z. aethiopica Joubert & Truter (1972); Lee et al. (2005); Coutinho & Goszczynska (2009)  
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Table 1.11 Known fungal pathogens of Zantedeschia 
Genus Species Common name of disease Zantedeschia species Reference
Ascochyta  sp. leaf and flower spot Z. aethiopica Crous et al. (2000)
Cercospora richardiicola leaf spot Z. aethiopica Chupp & Doidge (1948); Crous et al . (2000); Vieira & Barreto (2004)
Fusarium oxysporum vascular wilt Zantedeschia hybrids Ciampi et al. (2009)
Fusarium solani vascular wilt Zantedeschia hybrids Ciampi et al. (2009)
Leveillula taurica powdery mildew and leaf spot Z. aethiopica Doidge et al. (1953); Crous & Braun (1996); Crous et al. (2000)
Pellicularia filamentosa crown rot Zantedeschia hybrids Kuehny (2000)
Phoma zantedeschiae flower stalk spot Z. aethiopica Dippenaar (1931); Crous et al. (2000)
Phyllosticta  richardiae leaf and flower spot Z. aethiopica Cejp (1971); Crous et al. (2000)
Pythium ultimum storage rot of tubers Zantedeschia hybrids Kuehny (2000)
Ramularia  richardiae powdery mildew and leaf spot Z. albomaculata Crous et al. (2000)
Septoria aracearum leaf spot Z. aethiopica Doidge et al. (1953); Crous et al. (2000)  
Table 1.12 Known viral pathogens of Zantedeschia 
Genus Species Zantedeschia  species Reference
Alfamovirus Alfalfa mosaic virus (AMV) Zantedeschia spp. Huang et al. (2007) 
Cucumovirus Cucumber mosaic virus (CMV) Zantedeschia spp. Huang et al. (2007)
Potexvirus Potato virus X (PVX) Zantedeschia spp. Huang et al. (2007)
Potyvirus Bean yellow mosaic virus (BYMV) Zantedeschia spp. Huang et al. (2007)
Calla lily latent virus (CLLV) Zantedeschia spp. Chen et al. (2006)
Dasheen mosaic virus (DsMV) Zantedeschia spp. Elliot et al. (1997); Huang et al. (2007); Babu et al. (2011) 
Konjac mosaic virus (KoMV) Zantedeschia spp. Huang et al. (2007)
Turnip mosaic virus (TuMV) Zantedeschia spp. Huang et al. (2007) 
Zantedeschia mild mosaic virus (ZaMMV) Zantedeschia spp. Huang & Chang (2005); Huang et al. (2007)
Zantedeschia mosaic virus (ZaMV) Zantedeschia spp. Kwon et al. (2002); Huang et al. (2007)
Nepovirus Arabis mosaic virus (ArMV) Zantedeschia spp. Huang et al. (2007)
Tobravirus Tobacco rattle virus (TRV) Zantedeschia spp. Huang et al. (2007)
Tospovirus Calla lily chlorotic spot virus (CCSV) Zantedeschia spp. Chen et al. (2005)
Impatiens necrotic spot virus (INSV) Zantedeschia spp. Huang et al. (2007)
Tomato spotted wilt virus (TSWV) Zantedeschia spp. Huang et al. (2007)  
1.8 PLANT PATHOGEN IDENTIFICATION PROTOCOLS 
Agrios (2005) stated ‘when a pathogen is found on a diseased plant, the pathogen is 
identified by reference to special manuals; if the pathogen is known to cause such a disease 
and the diagnostician is confident that no other causal agents are involved, then the 
diagnosis of the disease may be considered complete’. If, however, the pathogen found 
seems to be the cause of the disease but no previous reports exist to support this, Agrios 
(2005) presents a four-step layout for the overall procedures that need to be followed to 
successfully and confidently identify the phytopathogenic organism. These steps are 
collectively known as Koch’s postulates and are stated by Agrios (2005) as follows: 
1. The pathogen must be found associated with the disease in all the diseased plants 
examined. 
2. The pathogen must be isolated and grown in pure culture on nutrient media and its 
characteristics described (non-obligate parasites), or it must be grown on a 
susceptible host plant (obligate pathogens) and its appearance and effects recorded. 
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3. The pathogen from pure cultures must be inoculated onto healthy plants of the same 
species or variety on which the disease appears, and it must produce the same 
disease on the inoculated plants. 
4. The pathogen must be isolated in pure culture again and its characteristics must be 
exactly like those observed in Step 2.  
If all the above steps have been followed and proved true, then the isolated pathogen is 
identified as the organism responsible for the disease. 
Agrios (2005) elaborated further that Koch’s postulates are applicable to pathogen groups 
such as fungi, bacteria, nematodes, some viruses, some viriods and spiroplasmas (although 
this is not always easy to carry out) but that they cannot be carried out with other pathogens 
(some viruses, phytoplasmas, phloem-inhabiting bacteria, obligate fungi and protozoa) 
because their culture or purification is not always possible. It is additionally often not possible 
to reintroduce these pathogens into plants to reproduce disease and thus the acceptance of 
these organisms as the pathogens of the diseases with which they are associated is 
tentative. Advances and improvement in techniques for the isolation, culture and inoculation 
of pathogens may aid in carrying out these postulates for all pathogens (Agrios, 2005). 
Since plants are subject to diseases caused by a wide range of pathogens, the techniques 
employed for identification of different groups of these pathogens may differ. Techniques and 
methods for the identification of bacterial, fungal and viral pathogens are discussed below:  
1.8.1 Identification of phytopathogenic bacteria 
Diagnosis and identification of phytopathogenic bacteria is based primarily on disease 
symptoms, the presence of large bacterial populations in the infected area and the absence 
of other pathogens (Agrios, 2005). Agrios (2005) stated that ‘the easiest and most accurate 
way to prove that an observed bacterium is the pathogen is through the isolation and growth 
of pure bacterial cultures and the use of a single pure colony for reinoculation of susceptible 
host plants to carry out Koch’s postulates’. Once the pathogenicity of a bacterial isolate has 
been confirmed, characterisation can be carried out through a number of microbiological 
techniques. Goszczynska et al. (2000) provide the following schematic (Figure 1.8) for the 
identification of phytopathogenic bacteria. 
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Figure 1.8 Steps taken to isolate and identify phytopathogenic bacteria (Goszczynska et al., 
2000) 
Techniques used for the characterisation of bacteria in general include: plating of samples on 
selective or semi-selective media (making preliminary identification of suspected pathogens 
easier), biologs (profiles of substrates utilized by the bacteria for food) and analysis of fatty 
acid profiles (Goszczynska et al., 2000; Agrios, 2005). These methods all generate specific 
profiles for the isolate that can be compared to those of known organisms published in 
available literature to determine any similarities between the unknown isolate and known 
bacteria.  
Another avenue for bacterial identification is the use of immunodiagnostic or serological 
techniques such as immunomagnetic separation (IMS), immunofluorescence colony (IFC) 
staining and forms of enzyme-linked immunosorbent assay (ELISA) (Perombelon & Van der 
Wolf, 2002). These techniques rely on the availability of mono- and polyclonal antibodies 
specific to certain groups of bacteria. The antibodies used can be specific to bacterial 
genera, species or even subspecies and strains and allow for rapid and accurate detection of 
target organisms, often even from samples where bacterial numbers are very low 
(Goszczynska & Aveling, 2009). Limitations of these sorts of techniques come into play when 
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antibodies are not available for detection of target groups or when antibodies display cross-
reactivity towards undesired groups of bacteria (Goszczynska & Aveling, 2009). 
Matrix-assisted laser desorption ionisation–time of flight mass spectrometry (MALDI-TOF 
MS) is a technique that generates a spectrum of the constantly expressed, highly abundant 
ribosomal proteins of bacterial samples (Wybo et al., 2011). Wybo et al. (2011) stated that 
MALDI-TOF MS has the capacity to discriminate between closely related species of bacteria 
based on their ionised ribosomal protein spectra. Bizzini & Greub (2010) described this 
technique as ‘a rapid and accurate method for the identification of bacteria’.  
 
The development of molecular techniques for bacterial identification has had a major impact 
on all aspects of microbiology, including the identification and classification of 
phytopathogenic bacteria (Venter, 2009). Polymerase chain reaction (PCR) is now a 
routinely used technique to amplify bacterial DNA sequences and Palacio-Bielsa et al. (2009) 
provided a comprehensive review of the PCR techniques and primers published for the 
identification of plant pathogenic bacteria. Their review strengthens the view of Mumford et 
al. (2006) that ‘there are only a few pathogens for which a reliable PCR-based diagnostic 
system does not exist’.  
Palacio-Bielsa et al. (2009) and Venter (2009) cited a number of advantages that PCR-based 
techniques offer for bacterial identification, namely that they are particularly useful for the 
detection of fastidious and unculturable bacteria (and organisms in general), there is 
increased specificity and sensitivity over traditional techniques based on culturing 
diagnostics, and samples can be analysed much more rapidly, allowing for more efficient 
diagnosis of bacterial diseases and recommendations for their control. 
1.8.2 Phytopathogenic fungal identification 
Agrios (2005) proposed that a general procedure that should be carried out for the 
identification of phytopathogenic fungi is as follows: initially one should study the morphology 
of fungal mycelium, fruiting structures and spores under the microscope. One should then 
attempt to match this up with appropriate mycological or plant pathology literature to see 
whether the fungus has been reported to be pathogenic, especially on the host plant on 
which it was found. If the observed plant symptoms correspond to those in literature, then 
diagnosis can be considered complete in most cases.  
If the fungus/fungi observed are not known to cause plant disease, Agrios (2005) suggested 
that the fungus may be a saprophyte, or a previously unreported plant pathogen and one 
should continue through the implementation of Koch’s postulates for proof of disease 
33 
 
causation. Fungi can be isolated from diseased plants in a similar manner to bacteria and the 
procedure outlined in Figure 1.8 is applicable for fungal isolation too.  
Additionally, the use of selective fungal media is commonly followed in the isolation and 
identification of fungi. For example, Moralejo et al. (2009) used the selective medium 
PARBPH to isolate Phytophthora sp. from multiple plant tissues and potting media of plants 
showing showing infection whilst Hadar et al. (1989) used PPSM as a standard Fusarium-
selective medium. In a similar manner to bacteria, the use of media containing compounds 
known to selectively inhibit the growth of certain groups of fungi and encourage the growth of 
others can be used to make the preliminary identification of pathogenic fungi easier.  
Kabashima et al. (2007) noted that ELISA test kits are available for the detection of Pythium, 
Phytophthora and Rhizoctonia species and that these kits allow confirmation of the presence 
of these pathogens in samples in as little as 10 minutes. However, they also mention that 
incidences of cross-reactivity leading to false positives have been observed with these kits 
and caution should be exercised in interpreting positive test results without the use of more 
specific follow-up tests.  
Molecular methods can also be used in the diagnosis and identification of fungal diseases. 
Ghignone & Migheli (2005) cited the nucleic acid based technique of PCR as most suited for 
early detection of phytopathogenic fungi due to its high sensitivity and potential for 
automation. The authors also presented a database of PCR primers for phytopathogenic 
fungi (http://www.sppadbase.com) where researchers can quickly search for primer pairs 
specific to a target genus or species, the template DNA targeted by the primers, the PCR 
techniques used and references to the literature in which the techniques were presented. 
Capote et al. (2012) stated that further molecular techniques such as amplified fragment 
length polymorphism (AFLP), restriction fragment length polymorphism (RFLP) and random 
amplified polymorphic DNA (RAPD) are commonly used by researchers for fungal 
identification.  
1.8.3 Plant virus diagnosis and identification 
Agrios (2005) stated that viral diseases are diagnosed and viruses identified primarily 
through a combination of five methods: 
i) Virus transmission tests to specific host plants (via sap inoculation, grafting or 
vectors) 
ii) Serodiagnostic tests– primarily forms of ELISA only applicable to viruses for 
which specific antisera are available 
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iii) Electron microscopy – negative staining of leaf dips or purified virus samples 
or immune-specific electron microscopy (again only if specific antisera are 
available) 
iv) Microscopic examination of infected cells for inclusions bodies induced by 
viral presence in the cells – usually diagnostic of the group to which the virus 
belongs 
v) Molecular techniques 
Jan et al. (2012) elaborated on the various molecular techniques used for plant virus 
diagnosis and stated that procedures such as reverse transcriptase PCR (for RNA viruses) 
and various forms of PCR (for DNA viruses) as well as nucleic acid hybridisation are all used 
for virus identification. Jan et al. (2012) further observed that the use of micro-arrays and 
next generation sequencing (pyrosequencing) are at the forefront of viral detection methods.  
The techniques employed for identification of each group of pathogens should be carried out 
in conjunction with each other, such that the results from each type of analysis support those 
of the others. The better the concordance between the results of each test, the more 
confident one can be with the identification of the pathogen one has isolated.  
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ANTHRACNOSE OF CLIVIA MINIATA (REGEL) CAUSED BY COLLETOTRICHUM 
KARSTII (YANG ET AL.) IN KWAZULU-NATAL, SOUTH AFRICA 
 
2.1 ABSTRACT 
Clivia miniata is an important floricultural crop that is extensively grown in South Africa and 
abroad. It is valued for its large flowers, glossy evergreen leaves and ability to grow in 
shaded areas. Symptoms of anthracnose, including leaf spotting and necrosis, have been 
reported by growers of C. miniata in KwaZulu-Natal, South Africa. A fungal isolate was 
obtained from senescing, symptomatic leaf material. It was identified as a species of 
Colletotrichum, based on its cultural and morphological characteristics. Evaluation of Koch’s 
postulates with the Colletotrichum isolate confirmed its pathogenicity towards C. miniata and 
confirmed that the symptoms initially observed by growers were due to infection by a 
Colletotrichum species. The conidial characteristics exhibited by this Colletotrichum isolate 
are consistent with those reported for C. karstii, previously reported from diseased C. miniata 
in Japan. A portion of the nuclear-encoded ribosomal RNA gene region of the isolate, 
spanning the 18S ribosomal RNA gene (partial sequence), the internal transcribed spacer 1, 
5.8S ribosomal RNA gene, the internal transcribed spacer 2 and the 28S ribosomal RNA 
gene (partial sequence), was amplified with the primers ITS1-F and ITS4. A Maximum 
Likelihood (ML) phylogenetic analysis of the ITS region corroborated the morphological 
characterisation of the isolate and indicated a clustering of the isolate with various isolates of 
C. karstii within the Colletotrichum genus. This is the first report of C. karstii causing an 
anthracnose disease of C. miniata in South Africa. A representative culture of the isolate has 
been deposited at the fungal culture collection of the South African Agricultural Research 
Council Plant Protection Research Institute (ARC-PPRI) under the accession number C. 
karstii PPRI 16882. 
2.2 INTRODUCTION 
Clivia miniata (Regel) is a slow-growing, shade-loving, evergreen plant that is native to South 
Africa. Since its discovery in the 1800s, the plant and its hybrids with other species in the 
genus have become important floricultural crops worldwide (Aubrey, 2001; Pooley, 2005) 
and are now widely grown throughout the world (Reinten et al., 2011). In mild climates they 
can be grown in the garden but in countries with a harsher climate, they are either grown as 
house plants (China, Japan and Korea) or are discarded once they have finished flowering 
(Europe and the US) (Duncan, 1999; Reinten et al., 2011).  
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Studies on Clivia diseases are of importance to the global industry that has developed 
around Clivia because any reduction in the aesthetic appeal of plants can cause a 
concomitant reduction in the economic value of the plant. This is particularly the case for 
foliar diseases of Clivia because the diseased and unappealing leaves remain on the plant 
and in the buyer’s sight for a long time. A number of fungal, bacterial and viral diseases of C. 
miniata have been observed wherever it is grown. Fungi are the most commonly reported 
group of Clivia pathogens and Table 2.1 below provides a summary of the literature 
pertaining to fungal diseases of the genus Clivia.  
Table 2.1 Literature reporting fungi responsible for causing disease in the genus Clivia. 
Genus Species
Common name of disease 
and/or host organs affected Clivia  species Reference
Alternaria tenuissima Clivia spp. Swart (2005)
Blennoria sp. Clivia spp. Oprea & Neamtu (2001)
Colletotrichum  boninense leaf spot Clivia spp. Moriwaki et al. (2003); Hyde et al . (2009); Silva-Rojas & Avila-Quezada (2011)
cliviae leaf spot C. miniata Hyde et al. (2009); Yang et al. (2009)
gloeosporiodes anthracnose C. miniata Whitlock (1986); Crous et al. (2000) 
karstii anthracnose C. miniata Damm et al. (2012b)
trichellum anthracnose C. miniata Kim et al. (2001)
sp. Clivia spp. Swart (2005)
Fusicoccum  luteum C. miniata Braithwaite et al. (2006) 
Fusarium oxysporum C. miniata Swart (2004)
sp. damping off Clivia spp. Stroh (2002) 
Phoma sp. C. miniata Swart (2004)
Phytophthora sp. damping off Clivia spp. Stroh (2002)
Pythium sp. damping off Clivia spp. Stroh (2002)
Stagnospora curtisii leaf and stalk spot Clivia spp. Hill, (1982); Stroh (2002); Punithalingam & Spooner (2005)
Strelitziana cliviae C. miniata Crous & Groenewald (2012); Crous et al. (2012a)
Macrophoma agapanthii leaf dieback Clivia spp. Stroh (2002)
sp. leaf spot C. miniata Zhang (1990)
Rhizoctonia solani damping off Clivia spp. Stroh (2002)
Sclerotium rolfsii collar rot Clivia spp. Stroh (2002)  
Anthracnose, leaf spots and dieback appear to be the most commonly reported symptoms, 
according to available reports. Similar symptoms have been observed on C. miniata in 
KwaZulu-Natal (KZN), South Africa for a number of years but a cause for this has not yet 
been established. The symptoms observed on infected plants seem similar to those reported 
in Table 2.1 to be caused by various Colletotrichum (Corda) species. Table 2.2 below 
summarises reports of similar leaf spot and dieback symptoms that have been assigned to 
infection by various Colletotrichum species. .  






C. boninense Japan Moriwaki et al. (2003)
C. cliviae Japan Yang et al. (2009)
C. gloeosporiodes South Africa Whitlock (1986) 
C. karstii Japan Damm et al. (2012)
C. trichellum Iran Mirabolfathy (1989)
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Colletotrichum species tend to primarily cause anthracnose symptoms, such as necrotic, 
sunken lesions on infected plant leaves, stems, flowers and fruit, on a wide range of plants in 
tropical and subtropical areas of the world (Agrios, 2005; Cannon et al., 2012). They can also 
cause seedling blights, and crown and stem rots, and the genus has been ranked as the 
world’s eighth most important group of phytopathogenic fungi (Dean et al., 2012). As Table 
2.2 indicates, anthracnose diseases of Clivia have been reported before, with the only record 
from South Africa being made from plants in Johannesburg, Gauteng, South Africa (Whitlock, 
1986).  
The aim of this study was to identify the phytopathogen responsible for causing a brown leaf 
spotting and dieback experienced by many commercial and hobbyist Clivia growers in 
KwaZulu-Natal, South Africa. 
2.3 MATERIALS AND METHODS 
2.3.1 Examination of symptomatic plant material and induction of fungal fruiting bodies on 
symptomatic tissues  
Leaves from mature plants of C. miniata that displayed symptoms of the foliar blight were 
collected in Howick, KZN and placed in a sporulation chamber. High humidity (> 90%) was 
ensured by misting the leaves daily with distilled water and the temperature was maintained 
at 20-25°C. The leaves were observed daily for any changes over an 18 day period. Acervuli 
that developed were examined with a Zeiss Stemi 2000-C stereomicroscope and 
photographs were taken with a Zeiss Axiocam ERC5s camera and Zeiss Zen 2012 (blue 
edition) imaging software.  
2.3.2 Isolation and morphological identification of the fungus responsible for fruiting body 
production  
The fungus associated with the fruiting bodies was isolated by aseptically transferring a 
spore mass into 5 ml of sterile, distilled water and mixing gently. A 25 µl sample of the spore 
suspension was transferred into the centre of a 90 mm malt extract agar (MEA) plate, 
amended with chloramphenicol at a concentration of 10 mg µl-1 to exclude bacterial 
contamination. The spore suspension was spread over the surface of the plate with a flame-
sterilised hockey stick. The plate was incubated upside-down in the dark at 25 ± 2°C for 24 
hours and single, germinated spores were aspetically transferred to fresh 90 mm potato 
dextrose agar (PDA) plates. The growing edges of fungal colonies that had developed after 
48 hrs incubation at 25 ± 2°C were transferred to fresh PDA plates to establish pure cultures. 
Wet mounts of the spores produced by the fungal isolates were examined throughout the 
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isolation process in order to facilitate morphological identification of the fungal isolate. These 
were viewed using a Zeiss Axio Scope.A1 light microscope and the spores classified using 
the keys developed by Baxter et al. (1994) and Williams-Woodward (2001). 
2.3.3 Pathogenicity test  
A conidial suspension of the isolate was prepared by irrigating a 10-day old, sporulating MEA 
culture with 10 ml sterile, distilled water. A flame-sterilised hockey stick was used to agitate 
the conidia into suspension. The concentration of the suspension was adjusted to 
approximately 1 x 104 conidia ml-1.  The prepared inoculum was sprayed onto the leaves of 
five C. miniata plants using a 1.5 L Pressure Sprayer. The plants were sprayed with the 
suspension to the point of run-off such that both sides of the leaves were thoroughly covered 
with the suspension. The plants were covered with polyethylene bags for 24 h following 
inoculation. Three further plants were inoculated with distilled water instead of a spore 
suspension, but treated identically otherwise. Plants were observed daily for any changes or 
symptom development.  
2.3.4 Re-isolation of fungi from symptomatic Clivia leaves 
Approximately 1 cm2 portions of leaf tissue surrounding the lesions that developed on the 
inoculated plants were surface sterilised in a 0.35% sodium hypochlorite solution for one 
minute. The plant material was then rinsed in distilled water, plated on PDA plates and 
incubated at 25 ± 2°C until fungal growth from the lesions was evident. The tips of the fungal 
hyphae that grew from the lesions were aseptically transferred to fresh PDA plates and 
incubated at 25 ± 2°C. 
2.3.5 Morphological characterisation of the isolate 
2.3.5.1 Spore morphology 
A single spore was obtained from a culture of the re-isolated fungus, following the method 
outlined by Choi et al. (1999), and transferred onto a plate of PDA. The fungal culture that 
grew from the spore was incubated under 24 h UV fluorescence at 25 ± 2°C for seven days, 
until sporulation was evident. A wet mount of the spores of the isolate was examined using 
an Olympus AX70 light microscope and images taken using a Nikon DS-Ri1 camera and 
NIS-elements BR 4.10.00 imaging system. The dimensions of 50 spores were measured at 
1000x magnification using the measure function of the imaging software.  
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A representative culture of the isolate has been deposited at the fungal culture collection of 
the South African Agricultural Research Council Plant Protection Research Institute (ARC-
PPRI) with the accession number PPRI 16882. 
2.3.5.2 Culture morphology and growth rate determination 
The growth rate of the isolate was assessed by using the flame-sterilised back end of a glass 
pipette to punch six 6 mm diameter plugs from the growing edge of a five day old culture. 
These were aspetically transferred to the centre of new 90 mm PDA plates, which were 
incubated at 25 ± 2°C in the dark for 7 days. The colony diameter (mm) was measured in two 
perpendicular directions every second day and the mean daily mycelial growth rate (mm day-
1) was estimated (Cai et al., 2009; Lima et al., 2013).  
2.3.6 Molecular characterisation of the isolate 
2.3.6.1 Genomic DNA extraction and amplification and sequencing of the internal transcribed 
spacer (ITS) rDNA region  
Total genomic DNA was extracted from a five day old culture of the isolate grown on PDA 
using a Qiagen DNeasy Plant Mini Kit. Samples were prepared for DNA extraction by 
aseptically scraping approximately 100 mg of fresh mycelium off the plate, suspending it in 
400 µl DNA extraction buffer provided with the DNeasy kit and adding five sterile plastic 
beads to the tube before homogenising the mycelium with a Biospec Minibeadbeater for 
30 s. The protocol followed thereafter to extract total DNA was as per the manufacturer’s 
instructions. 
A portion of the nuclear-encoded ribosomal RNA gene region of the isolate, spanning the 
18S ribosomal RNA gene (partial sequence), internal transcribed spacer 1, 5.8S ribosomal 
RNA gene, internal transcribed spacer 2 and 28S ribosomal RNA gene (partial sequence), 
was amplified using the primers ITS1-F (5'-CTTGGTCATTTAGAGGAAGTAA-3') (Gardes & 
Bruns, 1993) and ITS4 (5'-TCCTCCGCTTATTGATATGC-3') (White et al., 1990). A 20 µl 
PCR reaction was made up with 1 µl of extracted DNA, 10 µl 2X KAPA2G Fast HS 
ReadyMix, 1.5 µl of a 10 µM solution of each of the forward (ITS1-F) and reverse (ITS4) 
primers and 6 µl sterile nuclease-free water. The thermal cycling protocol followed that 
outlined by Weir et al. (2012): 4 min at 95°C, then 35 cycles of 95°C for 30 s, 52°C for 30 s, 
72°C for 45 s, and lastly 7 min at 72°C. Two PCR reactions were carried out using a G-Storm 
Goldblock GS1 thermocycler. A negative control containing sterile nuclease-free water in 
place of template DNA was concurrently run with the samples.  
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The presence of PCR products was analysed on a 1.5% agarose gel, with SYBR® Safe DNA 
gel stain added to visualise any DNA present. The size of any PCR products was estimated 
through comparison with a concurrently run sample of the GeneRuler 100 bp DNA Ladder. 
The gel was run at 100 V for 50 min and PCR products were viewed using a Syngene G:Box 
and captured using GeneSnap image acquisition software.  
A single PCR reaction showing a band of the correct size [± 615 bp - Weir et al. (2012)] 
(Figure 2.6) was selected for DNA sequencing at the Central Analytical Facility (CAF) at the 
University of Stellenbosch, South Africa (http://academic.sun.ac.za/saf/about.html). The DNA 
product was subject to a post-PCR clean up process by the CAF and then sequenced in both 
directions, using the BigDye Terminator V3.1 sequencing kit (Applied Biosystems).  
2.3.6.2 Sequence alignment and phylogenetic analysis 
The DNA sequence files supplied by the CAF were edited with BioEdit Sequence Alignment 
Editor V7.0.9.0 (Hall, 1999). The forward and reverse sequence files were each manually 
trimmed to include the region bounded by the forward and reverse ITS primers. The two 
regions from each sequencing direction were aligned using the CLUSTALW (Thompson et 
al., 1994) add-on in BioEdit and congruency between the forward and reverse sequence data 
was verified by eye. The forward sequence was subsequently used for all further analyses. 
A preliminary genus-level identification of the fungal isolate was investigated using the Basic 
Local Alignment Search Tool (BLAST) search option in the NCBI GenBank nucleotide 
database (http://blast.ncbi.nlm.nih.gov/Blast.cgi) (Appendix 2.7.1). Verification of the 
preliminary morphological identification of the isolate as a species of Colletotrichum by this 
search indicated that the ITS sequence should be compared to ITS sequence data housed in 
the CBS-KNAW Fungal Biodiversity Centre  Q-Bank Colletotrichum sequence database  
(http://www.cbs.knaw.nl/colletotrichum), as recommended by Cannon et al. (2012). A 
pairwise sequence alignment, run with the default parameters selected by the software, 
indicated the 50 closest matches to the ITS region of this isolate (Appendix 2.7.2). 
ITS sequence data for phylogenetic analysis, as presented in Table 2.3, was downloaded 
from GenBank, to represent: members of all the clades proposed by Cannon et al. (2012) for 
the Colletotrichum species they studied, the top five matching C. karstii isolates indicated by 
the Q-Bank alignment, from any Colletotrichum species reported from Clivia (as reported in 
Table 2.2) and any Colletotrichum species recorded from South Africa (Q-Bank Colletrichum 
database search, keywords: South Africa).  
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The ITS dataset was assembled using the sequence data explorer of MEGA version 5.2.2 
(Tamura et al., 2011) and aligned with MUSCLE (Edgar, 2004). The alignment was optimised 
by eye before the data set was used to infer the phylogeny of this isolate. The final aligned 
dataset comprised 442 characters (162 of which were variable and 126 were parsimony 
informative) from 77 strains, representing 63 Colletotrichum species and Monilochaetes 
infuscans CBS 869.96 as the outgroup. Taxon information is presented in Table 2.3 below. 
The phylogeny of the isolate was inferred with a maximum likelihood (ML) analysis using 
Garli 2.0 (Zwickl, 2006). jModelTest 2.1.1 (Guindon & Gascuel, 2003; Darriba et al., 2012) 
was used, with the Akaike Information Criterion (AIC) selected, to estimate the model of best 
fit for analysis of the dataset as TIM1+I+G (-ln 4676.5012). The ML analysis of the dataset 
was performed using the TIM1+I+G model. The most likely tree was generated with an ML 
analysis and no bootstrapping, followed by another ML analysis with 100 bootstrap replicates 
to assess nodal support for the most likely tree. These figures are shown in the appendices. 
FigTree v1.4.2 (http://tree.bio.ed.ac.uk/software/figtree/) was used to view the trees and 





Table 2.3 Strain accession details of Colletotrichum ITS sequences obtained from GenBank 
Species Clade Culture Acc. No. Host Location GenBank Acc. No. Reference
Colletotrichum cf. karstii boninense PPRI 16882 Clivia miniata South Africa n/a This study
C. acutatum acutatum CBS 112996 Carica papaya Australia JQ005776 Cannon et al. (2012)
C. agaves CBS 118190 Agave striata Mexico DQ286221 Sharma et al . (2013)
C. annellatum boninense CBS 129826 Hevea brasiliensis Colombia JQ005222 Cannon et al . (2012)
C. anthrisci dematium CBS 125334 Anthriscus sylvestris Netherlands  GU227845 Cannon et al . (2012)
C. asianum gloeosporioides ICMP 18580 Coffea arabica Thailand FJ972612 Cannon et al . (2012)
C. australe acutatum CBS 116478 Trachycarpus fortunei South Africa JQ948455 Cannon et al. (2012)
C. boninense boninense CBS 123755 Crinum asiaticum Japan JQ005153 Cannon et al. (2012)
C. brevisporum LC0600 Unidentified plant India KC790943 Sharma et al . (2013)
C. cereale graminicola KS20-BIG Bromus inermus USA JQ005774 Cannon et al . (2012)
C. chlorophyti IMI 103806 Chlorophytum sp. India GU227894 Sharma et al . (2013)
C. circinans dematium CBS 221.81 Allium cepa  Serbia GU227855 Cannon et al . (2012)
C. cliviae CBS 125375 Clivia miniata China JX519223 Cannon et al . (2012)
C. cliviae CSSK4 Clivia miniata China GQ485607 Yang et al. (2009)
C. coccodes CBS 369.75 Solanum tuberosum Netherlands HM171679 Cannon et al . (2012)
C. constrictum boninense CBS 128504 Citrus limon New Zealand JQ005238 Damm et al . (2012)
C. curcumae truncatum IMI 288937 Curcuma longa India GU227893 Cannon et al . (2012)
C. cymbidiicola boninense IMI 347923 Cymbidium sp. Australia  JQ005166 Cannon et al . (2012)
C. dacrycarpi boninense CBS 130241 Dacrycarpus dacrydioides New Zealand JQ005236 Damm et al . (2012)
C. dematium dematium CBS 115524 Vitis vinifera South Africa  GU227826 Damm et al. (2009)
C. dematium dematium CBS 125.25 Eryngium campestre France  GU227819 Damm et al. (2009)
C. destructivum destructivum CBS 149.34 Trifolium sp. Netherlands AJ301942 Cannon et al . (2012)
C. dracaenophilum CBS 118199 Draceana sp. China DQ286209 Cannon et al . (2012)
C. fructi dematium CBS 346.37 Malus sylvestris USA  GU227844 Cannon et al . (2012)
C. fuscum destructivum CBS 130.57 Digitalis lanata Unknown JQ005762 Cannon et al . (2012)
C. gigasporum MUCL 44947 Centella asiatica Madagascar AM982797 Sharma et al . (2013)
C. gloeosporioides gloeosporioides ICMP 18694 Mangifera indica South Africa JX010155 Weir et al . (2012)
C. gloeosporioides gloeosporioides IMI 356878 Citrus sinensis Italy EU371022 Cannon et al . (2012)
C. godetiae acutatum CBS 133.44 Clarkia hybrid Denmark JQ948402 Cannon et al. (2012)
C. graminicola graminicola M1.001 Zea mays USA JQ005767 Cannon et al . (2012)
C. higginsianum destructivum IMI 349063 Arabidopsis thaliana Trinidad and Tobago JQ005760 Cannon et al . (2012)
C. jacksonii graminicola MAFF 305460 Echinocloa esculenta Japan EU554108 Cannon et al . (2012)
C. jasminigenum truncatum CGMCC LLTX-01 Jasminum sambac Vietnam HM131513 Sharma et al . (2013)
C. kahawae subsp. ciggaro gloeosporioides CBS 112984 Dryandra  sp. South Africa JX010237 Weir et al . (2012)
C. kahawae subsp. ciggaro gloeosporioides ICMP 18539 Olea europaea Australia JX010230 Cannon et al . (2012)
C. karstii boninense CBS 127597 Diospyros australis Australia JQ005204 Damm et al. (2012)
C. karstii boninense MAFF 306204 Clivia miniata Japan JQ005196 Damm et al. (2012)
C. karstii boninense CBS 127595 Musa banksii Australia JQ005178 Damm et al. (2012)
C. karstii boninense CBS 127591 Sapium integerrimium Australia JQ005186 Damm et al. (2012)
C. karstii boninense CBS 127552 Eugenia uniflora Brazil JQ005217 Damm et al. (2012)
C. karstii boninense CBS 127536 Eucalyptus grandis South Africa JQ005201 Damm et al. (2012)
C. lilii spaethianum CBS 109214 Lilium  sp. Japan GU227810 Cannon et al . (2012)
C. lindemuthianum orbiculare CBS 144.31 Phaseolus vulgaris  Germany JQ005779 Cannon et al . (2012)
C. lineola dematium CBS 125337 Apiaceae Czech Republic  GU227829 Cannon et al . (2012)
C. linicola destructivum CBS 172.51 Linum usitatissimum Netherlands JQ005765 Cannon et al . (2012)
C. liriopes spaethianum CBS 119444 Lirope muscari Mexico GU227804 Cannon et al . (2012)
C. lupini acutatum CBS 109225 Lupinus albus Ukraine JQ948155 Cannon et al. (2012)
C. malvarum orbiculare CBS 521.97 Lavatera trimestris UK KF178480 Damm et al. (2013)
C. nymphaeae acutatum CBS 515.78 Nymphaea alba Netherlands JQ948197 Cannon et al. (2012)
C. orbiculare orbiculare CBS 514.97 Cucumis sativus UK JQ005778 Cannon et al . (2012)
C. orchidophilum CBS 632.80 Dendrobium sp. USA JQ948151 Cannon et al . (2012)
C. paspali graminicola MAFF 305403 Paspalum notatum Japan KC790948 Sharma et al. (2013)
C. phaseolorum  dematium CBS 157.36 Phaseolus radiatus Japan GU227896 Cannon et al . (2012)
C. phormii acutatum CBS 118194 Phormium sp. Germany JQ948446 Cannon et al. (2012)
C. phyllanthi boninense CBS 175.67 Phyllanthus acidus India JQ005221 Cannon et al . (2012)
C. pseudoacutatum CBS 436.77 Phormium sp. Germany JQ948480 Cannon et al . (2012)
C. rusci CBS 119206 Ruscus sp. Italy GU227818 Cannon et al . (2012)
C. sansevieriae MAFF239721 Sansevieria trifasciata Japan AB212991 Cannon et al . (2012)
C. siamense gloeosporioides ICMP 18739 Carica papaya South Africa JX010161 Weir et al. (2012)
C. siamense gloeosporioides ICMP 18570 Persea americana South Africa JX010248 Weir et al. (2012)
C. siamense gloeosporioides ICMP 18578 Coffea arabica Thailand JX010171 Cannon et al . (2012)
C. spaethianum spaethianum CBS 167.49 Hosta sieboldiana Germany  GU227807 Cannon et al . (2012)
C. spinaciae dematium CBS 128.57 Spinacia oleracea Netherlands  GU227847 Cannon et al . (2012)
C. spinosum orbiculare CBS 515.97 Xanthium spinosum Australia KF178474 Damm et al. (2013)
C. sublineola graminicola CBS 131301 Sorghum bicolor Burkina Faso JQ005771 Cannon et al . (2012)
C. tabacum destructivum CBS 161.53 Nicotiana tabacum Zambia JQ005763 Cannon et al . (2012)
C. thailandicum BCC38879 Hibiscus rosa-sinensis Thailand JN050242 Sharma et al . (2013)
C. thailandicum LC0596 Alocasia sp. Thailand KC790941 Sharma et al . (2013)
C. theobromicola gloeosporioides ICMP 18649 Theobroma cacao Panama JX010294 Cannon et al . (2012)
C. tofieldiae spaethianum CBS 495.85 Tofieldia calyculata Switzerland GU227801 Cannon et al . (2012)
C. trichellum CBS 217.64 Hedera helix UK GU227812 Cannon et al . (2012)
C. trifolii orbiculare CBS 158.83 Trifolium  sp. USA KF178478 Damm et al. (2013)
C. tropicicola BCC38877 Citrus maxima Thailand JN050240 Noireung et al. (2012)
C. truncatum truncatum CBS 151.35 Phaseolus lunatus USA GU227862 Cannon et al . (2012)
C. verruculosum spaethianum IMI 45525 Crotalaria juncea Zimbabwe GU227806 Cannon et al . (2012)
C. yunnanense CBS 132135 Buxus sp. China EF369490 Cannon et al . (2012)






This Clivia disease first became apparent as small tan- to dark-brown spots/lesions on the 
leaves, particularly on new growth in spring, on plants of all ages. In some cases, a large 
necrotic zone develops that is surrounded by a prominent yellow halo. Infected leaves turn 
chlorotic and die off, leaving a weakened and blemished plant, which may die later.  
Figure 2.1 Symptoms associated with brown leaf spot of Clivia miniata: (a) leaves from 
infected plants showing symptoms of spots, lesions and necrosis; (b) a single spot on a 











Figure 2.2 Development of fungal fruiting bodies (acervuli) and spores (conidia) from infected 
leaves: (a) acervuli appearing in a circular fashion towards the edge of the lesion; (b) some 
showed the presence of hair-like projections (setae); (c) an acervulus and setae seen from 
the side; (d) extrusion of conidial masses from acervuli; (e) close up view of acervuli and 
orange conidial masses; (f) wet mount of fungal mycelium and conidia. 
The development of fungal fruiting bodies was evident on the leaves after 11-13 days 
incubation in the sporulation chamber (Figure 2.2a). These fruiting bodies appeared in a 
circular fashion towards the edge of the lesion and were smaller, but otherwise similar to, the 
raised lesions observed as initial symptoms of infection on Clivia leaves. Two pinkish spore 
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mass were observed to extrude from the opposite ends of each acervulus on days 14-15 
(Figure 2.2d). Setae protruded from some, but not all, of the fruiting bodies (Figure 2.2b and 
c). 
Figure 2.3 Cultural characteristics of the isolate: (a) a culture grown on PDA showing sparse 
conidial production in the culture centre; (b) cultures grown on MEA showing abundant 
orange conidial masses. 
The mycelium produced by the isolate was white in colour while the conidial masses 
produced were orange in colour. Whilst there were no visible differences between the 
mycelial pigmentation of cultures grown on MEA or PDA, acervuli and conidia were produced 












Figure 2.4 Symptoms that developed on C. miniata seedlings following inoculation: (a) raised 
areas on the adaxial leaf surface; (b) the reverse of these lesions on the abaxial leaf surface; 
(c) expansion of raised lesions into areas showing chlorosis and a reddish-brown tinge to 
infected tissues.  
The inoculated plants all developed symptoms similar to those seen originally on the infected 
leaves 12-15 days after inoculation. All the fungal isolates obtained from the inoculated 
plants were morphologically identical to the original isolate obtained from the spore masses 
produced on a symptomatic leaf. The plants sprayed with water did not develop any 


























Figure 2.5 Bright field images of the conidia of the Colletotrichum species associated with 
brown leaf spot/anthracnose of Clivia miniata. 
The conidia of this isolate are hyaline, aseptate and straight or cylindrical in profile. Their 
content appears granular. The conidial walls are smooth and the ends are rounded. Most, 
but not all, of the conidia have a hilum-like protuberance at one end. 
Table 2.4 Summary of morphological data of Colletotrichum isolate.  
 
The morphological data of this isolate show similarities to Colletotrichum species in the C. 
boninense (Moriwaki, Sato & Tsukib.) species complex, as defined by Damm et al. (2012).  
 
 
Colony diameter (mm after 7 
days)
Colony growth rate (mm 







63 - 68  (66 ± 5.2 mm; n = 6) 8.8 - 9.7 (9.4 ± 0.4; n= 6)
Length: 14.9 - 20.2 (17.7 ± 1.2 ); n = 50 
Width: 7.1 - 9.6 (8.2 ± 0.7 ); n = 50    Cylindrical 2.2
Hyaline, rounded ends, 








Figure 2.6 1.5% agarose gel showing PCR products amplified from total genomic DNA of the 
fungal isolate using ITS region specific primers: Lane 1 – 100 bp MWM, Lanes 2 and 3 -
approximately 600 bp PCR products, Lane 4 – negative control.  
As was expected, no products were present for the negative control and both reactions gave 
a single product of the correct predicted size, indicating a successful amplification of the ITS 
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Figure 2.7 Maximum likelihood phylogeny of the isolate (highlighted in red) based on an 
alignment of the ITS region of various Colletotrichum species as listed in Table 2.3 (bootstrap 

































Phylogenetic analysis of the ITS region of the isolate indicates that it falls within a clade 
comprised various isolates of C. karstii. This clade is supported by a moderate bootstrap 
branch support value of 82.  
2.5 DISCUSSION 
The cultural, morphological and molecular characteristics of the fungal isolate obtained from 
the diseased C. miniata leaves shown in Figure 2.1 indicated that it is a Colletotrichum 
(Corda) species. The results of the pathogenicity test fulfilled Koch’s postulates and 
confirmed that the isolate derived from the fruiting bodies shown in Figure 2.2 was capable of 
causing disease on healthy Clivia plants (Figure 2.4). A fungus with morphological 
characteristics consistent with the original isolate was re-isolated from the lesions on infected 
plants (Figure 2.3). It is thus evident that the brown leaf spot and anthracnose-like symptoms 
observed in this study were caused by this fungal isolate.  
The preliminary identification of this fungus as a Colletotrichum species was based on a 
morphological approach. The morphology of the spores of the fungal isolates examined 
throughout the course of this study (Figure 2.5) matched those of the conidia of 
Colletotrichum species in the keys to fungal genera presented by Baxter et al. (1994) and 
Williams-Woodward (2001). The appearance of the fungal fruiting bodies that developed 
from the symptomatic Clivia leaves was characteristic of the acervuli of a Colletotrichum 
species (Agrios, 2005). A comparison of the symptoms observed in this study (on the initial 
infected leaves and on inoculated plants) (Figure 2.1 and Figure 2.4 respectively) with those 
symptoms described and/or depicted in the literature presented in Table 2.2 indicated that 
similar anthracnose and leaf spot disease have been observed on C. miniata in prior studies 
and were all caused by various Colletotrichum species.  
The ITS region sequence data generated from the isolate supports the morphological 
identification of this as a Colletotrichum species, as indicated by the NCBI GenBank BLAST 
search results shown in Appendix 2.7.1. However, Cannon et al. (2012) have warned against 
using the data set available in GenBank for phylogenetic analysis, citing is as ‘uncurated’. 
They stated that researchers should use the CBS-KNAW Fungal Biodiversity Centre Q-Bank 
Colletotrichum database as an alternative to Genbank for ‘robust, phylogeny-based online 
identification’. The ITS sequence data gathered was thus shown via comparisons in the Q-
Bank database to definitively belong to a species of Colletotrichum, showing a closest ITS 
nucleotide sequence similarity to isolates of C. karstii and some others in the C. boninense 




Cannon et al. (2012) have stated that sequence data of the ITS region alone cannot 
effectively differentiate between the species within each Colletotrichum species complex, but 
that the data is variable enough to allow successful identification of a Colletotrichum isolate 
to the species complex level. The phylogenetic tree shown in Figure 2.7 indicates an affinity 
of this isolate with other isolates of C. karstii, which form a relatively well supported clade in 
the dendrogram. Resolute identification of the isolate for species typification purposes would 
benefit from concatenated gene sequence data analysis (Cannon et al., 2012). The best 
choice of genes for concatenated phylogenetic analysisis still under debate i.e. the studies of 
Damm et al. (2012) vs. Lima et al. (2013) vs. Sharma et al. (2013a).  
 
The conidial dimensions of this isolate fall within the range reported for C. karstii isolates by 
Yang et al. (2011) and Damm et al.  (2012). The L/W ratio of C. karstii has been reported as 
ranging from 2.2 to 2.6 depending on isolate and culture medium (Damm et al., 2012). The 
L/W ratio of this isolate (2.2) thus falls in the reported range for C. karstii. In culture, the 
isolate grew as aerial, white mycelium when incubated in darkness and turned rosy pink 
when exposed to 24 h UV illumination. The conidial masses produced by this isolate are 
orange on PDA and the cultures depicted in Figure 2.3 show visual similarities to the C. 
karstii isolate cultures depicted by Damm et al. (2012) and Lima et al. (2013). Conidia were 
produced more abundantly when the isolate was grown on MEA than on PDA but the isolate 
produced orange conidial masses and occasional setae, regardless of the medium on which 
it was cultured.  
 
Colletotrichum karstii was originally isolated and described from anthracnose lesions on 
various orchids in China (Yang et al., 2011). Based on the polyphasic study conducted by 
Damm et al. (2012), many Colletotrichum isolates previously identified as C. boninense, or 
even C. gloeosporioides, have now been reclassified as C. karstii.  Colletotrichum karstii has 
thus been found to be the ‘most common and geographically diverse species in the C. 
boninense complex’ (Damm et al., 2012; Lima et al., 2013).  
 
Colletotrichum karstii has previously been recorded in South Africa, isolated from Citrus 
species (CBS 126532), Eucalyptus grandis Hill ex Maiden (CBS 110779, CBS 127535, CBS 
129830 and CBS 127536) and wheat (Triticum sp.)(CBS 128540) (Damm et al., 2012). 
Although this is not the first report of C. karstii from South Africa, it does constitute the first 
record of C. karstii on Clivia in South Africa. This report thus confirms the pathogenicity of C. 
karstii towards C. miniata and corroborates the report made in Japan by Moriwaki et al. 
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(2003) and amended by Damm et al. (2012) reporting anthracnose of Clivia to be caused by 
C. karstii.   
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FIRST REPORT OF THE OCCURRENCE OF LEAF BLIGHT ON STRELITZIA REGINAE 
(AITON) CAUSED BY A PESTALOTIOPSIS (STEYAERT) SPECIES IN SOUTH AFRICA 
 
3.1 ABSTRACT 
Strelitzia reginae is a monocotyledonous plant, native to the eastern region of South Africa, 
which has become a highly desirable flower and foliage plant throughout the world. A foliar 
disease (leaf spotting and necrosis) was observed on plants growing in Pietermaritzburg, 
KwaZulu-Natal, South Africa. Microscopic examination of leaf lesions indicated the presence 
of fungal acervuli and conidia characteristic of the fungal genus Pestalotiopsis. A 
Pestalotiopsis species allied to P. clavispora was isolated from diseased leaf tissues and 
verified to be pathogenic towards S. reginae through the implementation of Koch’s postulates 
with S. reginae seedlings. The dimensions of the versicolorous conidia of the Pestalotiopsis 
isolate were estimated as 22 ± 1 µm long x 8 ± 0.5 µm wide. Three genes of this isolate (ITS, 
β-tubulin and tef1) were amplified and sequenced. A neighbour-joining phylogenetic analysis 
of the ITS sequence data for the isolate placed it within a well-supported clade comprised of 
Pestalotiopsis species with versicolorous conidia. The relationship between this isolate and 
the other Pestalotiopsis species within the versicolorous clade was, however, not well 
resolved by the ITS-based phylogenetic inference. The cultural characteristics of the isolate 
and its conidial dimensions shown similarities to those reported for the epitype culture of P. 
clavispora, with which it grouped in the ITS dendrogram presented in this study. However, 
concatenated phylogenetic analysis of the ITS, β-tubulin and tef1 sequence data for this 
isolate will be required for accurate taxonomic placement of this isolate within the 
versicolorous Pestalotiopsis species group. This is the first report of a leaf blight of S. reginae 
caused by a Pestalotiopsis species in South Africa. A representative culture of the isolate 
implicated in this disease has been deposited at the fungal culture collection of the South 
African Agricultural Research Council Plant Protection Research Institute (ARC-PPRI), with 
the accession number Pestalotiopsis sp. PPRI 16883. 
3.2 INTRODUCTION 
South African flora is richly diverse and many South African plants have become established 
in the international horticultural trade, with many well-known cut flowers, indoor plants, 
flowering bulbs and foliage plants originating from within the borders of the country (Pooley, 
2005; Van Jaarsveld, 2006; Moyo et al., 2011; Reinten et al., 2011). A comprehensive list of 
South African plant species of commercial interest was provided by Reinten et al. (2011), 
74 
 
with more than 150 taxa being listed as of ‘current or historical commercial interest’ in the 
international floricultural trade. Amongst these records, the bird-of-paradise or crane flower 
(Strelitzia reginae Aiton), is rated as a highly desirable flower and foliage plant. 
Strelitzia reginae is a banana-like plant native to the eastern, temperate regions of South 
Africa, particularly in the Eastern Cape and KwaZulu-Natal provinces bordering the Indian 
Ocean (Pooley, 2005; Cron et al., 2012). Strelitzia reginae is the best known member of its 
genus, and is grown as a cut flower and pot plant worldwide and also used extensively for 
outdoor landscaping purposes in temperate areas with climates similar to its native range 
(Hensley et al., 2008; Hoffman et al., 2011; Xaba, 2011). Strelitzia reginae is valued in the 
cut flower industry because its orange and blue flowers are brightly coloured, large, develop 
on a long, sturdy stem and exhibit good postharvest durability and longevity (Vieira et al., 
2012).  
The horticultural industry is rigorous in its maintenance of quality standards and any 
irregularities in the quality of the product reduce its value significantly. Martinez (2007) 
estimated economic losses of approximately US$ 62 million (equating to a 6.8% reduction in 
crop value) for ornamental plant production in the US state of Georgia in 2006 due to 
phytopathogenic organisms. Williams-Woodward (2012) reported that losses to the same 
industry for 2010 due to pathogens approached 7.5%.  If the losses recorded by Martinez 
(2007) and Williams-Woodward (2012) for one state, in one country and in one year were to 
be extrapolated to a global scale, then plant pathogens can be described as a significant 
constraint on the ornamental plant industry because of the damaging effects they can have 
on the health of the plants, and the subsequent losses of plant product quality from those 
diseased plants and costs required to control them. 
Eighteen genera of phytopathogenic fungi have been reported in available literature to cause 
disease in the genus Strelitzia. These reports have been collated and compiled into Table 








Table 3.1 Known fungal pathogens of Strelitzia 
Genus Species
Common name of disease 
and/or host organs affected Strelitzia  species Reference
Armillaria mellea S. reginae Davino (1984); Coetzee et al. (2001)
Botrytis cinerea grey mould of flowers S. reginae Halevy et al. (1978); Criley & Paull (1993);  McKenzie 
& Dingley (1996); Finger et al . (2003); Braithwaite et 
al . (2006)
Calonectria ilicicola brown leaf spot S. reginae Hirooka et al. (2008)
Colletotrichum  gloeosporiodes anthracnose S. reginae Korade et al. (2001); Lin et al.  (2006)
Cylindrocarpon destructans root rot and leaf wilt S. reginae Grasso & Cutuli (1972)
Cylindrocladium clavatum S. reginae Barnard et al. (1989)
pteridis S. reginae Crous & Wingfield (1994) ; Kubota (2001)
Fusarium culmorum root necrosis and plant wilt S. reginae Orlikowski (1977)
moniliforme root necrosis and plant wilt S. reginae Orlikowski (1977)
oxysporum root necrosis and plant wilt S. reginae Orlikowski (1977)
roseum flowers S. reginae Garibaldi (1964)
solani root necrosis and plant wilt S. reginae Orlikowski (1977)
sporotrichiodes S. reginae Braithewaite et al.  (2006)
Microsphaeropsis sp. leaf and peduncle spot S. reginae Agosteo & Pennisi (1996)
Penicillium sp. S. reginae Finger et al. (2003)
Pestalotiopsis versicolor leaf spot and blight S. nicolai Braithewaite et al.  (2006)
Phoma nigricans Strelitzia sp. Braithewaite et al.  (2006)
Phyllacora strelitziae tar spot S. alba Doidge (1942); Crous et al. (2000)
Phytophthora nicotianae leaf blight and root and foot rot S. reginae Luongo et al. (2010)
Sclerotium rolfsii southern blight S. reginae Polizzi et al. (2007)
Strelitziana africana Strelitzia sp. Arzanlou & Crous (2006); Crous & Groenewald (2012)
Thanatephorus cucumeris S. nicolai Braithewaite et al.  (2006)
Toxicocladosporium strelitziae S. reginae Crous et al. (2012b)
Ulocladium chartarum leaf spot S. reginae Babelegoto et al . (1987); Vannini & Vettraino (2000)  
This study aimed to identify a pathogen infecting the leaves of plants of S. reginae growing 
both outdoors and in greenhouses at the University of KwaZulu-Natal’s Pietermaritzburg 
Campus, Pietermaritzburg, South Africa.  
3.3 MATERIALS AND METHODS 
3.3.1 Microscopic examination of diseased plant tissues and fungal spores 
Regions of discolouration, chlorosis and necrosis were observed on the leaf blades and 
petioles of S. reginae.  Freshly harvested leaves from a symptomatic plant were examined 
for fungal structures using a Leica MZ 16 stereomicroscope. Images were taken using a 
Leica DFC 450 C camera and Leica Application Suite V. 4.0 imaging program. 
Other leaves were harvested and left to dry out before being examined. Wet mounts were 
prepared by scraping a flame-sterilised scalpel over the diseased areas and immersing the 
blade in a drop of distilled water on a microscope slide. Slides were examined using an 
Olympus AX70 light microscope and images taken using a Nikon DS-Ri1 camera and NIS-
elements BR 4.10.00 imaging system.  
3.3.2 Initial isolation of fungus from fruiting structures 
Initial isolation of the fungus was carried out by scraping the necrotic and blackened lesions 
on infected S. reginae leaf material with a sterile scalpel to pick up fungal spores. The blade 
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was then run over the surface of a malt extract agar (MEA) plate, amended with 
chloramphenicol at a concentration of 10 mg µl-1 to exclude bacterial contamination. The 
plate was incubated at 25 ± 2°C for four days and portions of the growing edges of any fungi 
present were subcultured onto fresh MEA plates to ensure that pure cultures were 
established. After seven days growth at 25 ± 2°C, representatives of each subculture were 
placed in a UV box with 24h illumination for five days to induce sporulation. The spores that 
were produced were examined microscopically, as described above, and the length and 
width of 30 spores were recorded to estimate their dimensions. 
3.3.3 Isolation of fungi from symptomatic plant tissue 
Fungal isolation from symptomatic leaf material was carried out by aseptically excising six 
1 cm2 leaf lesions and sterilising them in a 0.35% sodium hypochlorite solution for one 
minute. The plant material was then rinsed in sterile, distilled water, plated individually on 
MEA plates and incubated at 25 ± 2°C until fungal growth from the lesions was evident. 
Sporulation of the isolates was induced in the manner described above A single spore was 
obtained following the methods outlined by Choi et al. (1999) and was used to initiate a pure 
culture of the fungal isolate for further analysis.  
3.3.4 Pathogenicity testing 
Healthy S. reginae seedlings with 3-5 leaves were inoculated with a conidial suspension of 
the isolate as follows: an MEA plate showing spore production was irrigated with 10 ml 
distilled water. A flame-sterilised hockey stick was run over the surface of the plate to agitate 
the conidia into suspension. The conidial concentration of the suspension was determined 
with a haemocytometer and adjusted to 1x106 conidia ml-1 with additional distilled water prior 
to inoculation.  
Seedlings were inoculated using a 1.5 L Pressure Sprayer to apply the suspension to their 
leaves such that both the adaxial and abaxial surfaces were thoroughly covered. The plants 
were covered with polyethylene bags immediately after inoculation. The bags were removed 
after 24 h and plants observed daily for possible symptom development. Seedlings were 
misted with distilled water and bagged in the same manner to serve as negative controls. 
Fungi were re-isolated from symptomatic seedling tissues in the same manner as described 
for the initial isolations above.  
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3.3.5 DNA extraction  
A representative culture of the fungus implicated in this disease has been deposited at the 
fungal culture collection of the South African Agricultural Research Council Plant Protection 
Research Institute (ARC-PPRI), with the accession number PPRI 16883. 
Total genomic DNA was extracted from approximately 100 mg of fresh mycelium using a 
DNeasy Plant Mini Kit. Mycelial samples were prepared for DNA extraction by scraping 
seven day old mycelial tissue off a plate and aseptically transferring it to a sterile 1.5 ml 
Eppendorf tube containing 400 µl DNA extraction buffer provided with the kit, and five sterile 
plastic beads. The sample was homogenised with a Biospec Minibeadbeater for 30 s and the 
homogenate then applied to the column provided in the DNeasy Plant Mini Kit. The protocol 
followed thereafter was as per the manufacturer’s instructions. 
3.3.6 PCR amplification, cloning and sequencing of internal transcribed spacer (ITS), β-
tubulin and tef1 genes of the Pestalotiopsis isolate 
A portion of the nuclear-encoded ribosomal RNA gene region of the isolate, spanning the 
18S ribosomal RNA gene (partial sequence), the internal transcribed spacer 1, the 5.8S 
ribosomal RNA gene, the internal transcribed spacer 2 and the 28S ribosomal RNA gene 
(partial sequence), was amplified using the primers ITS1-F (5'-
CTTGGTCATTTAGAGGAAGTAA-3') (Gardes & Bruns, 1993) and ITS4 (5'-
TCCTCCGCTTATTGATATGC-3') (White et al., 1990). Portions of the fungal genome 
spanning the partial β-tubulin and tef1 gene regions of the isolate were successfully amplified 
using the forward/reverse primer pairs BT2A (5'-GGTAACCAAATCGGTGCTGCTTTC-3') / 
BT2B (5'-ACCCTCAGTGTAGTGACCCTTGGC-3') and EF1-526F (5'-
GTCGTYGTYATYGGHCAYGT-3') / EF1-1567R (5'-ACHGTRCCRATACCACCRATCTT-3'), 
respectively. These genes were chosen for phylogenetic analysis based on the advice put 
forward to Pestalotiopsis researchers by Maharachchikumbura et al. (2012) and 
Maharachchikumbura et al. (2013a). Thermal cycling protocols followed those of 
Maharachchikumbura et al. (2012).  
 
PCR reactions were made up to a total volume of 20 µl as follows: 1 µl of extracted DNA, 
10 µl 2X KAPA2G Fast HS ReadyMix, 1.5 µl each of the forward and reverse primers (10 
µM) and 6 µl nuclease-free water. Negative controls (sterile nuclease-free water added 




 All PCR reactions were run using a G-Storm Goldblock GS1 thermocycler. PCR products 
were analysed on 1.5 % agarose gels, stained with SYBR® Safe DNA gel stain. The size of 
PCR products was assessed by comparison with concurrently run samples of the GeneRuler 
1 kb DNA Ladder. The gels were run at 100 V for 50 min and the resulting PCR products 
were viewed using a Syngene G:Box and captured using GeneSnap image acquisition 
software.  
Fresh PCR products of the expected size that were generated for each gene were manually 
excised from agarose gels and individually purified using a MinElute Gel Extraction Kit and a 
microcentrifuge. Once purified, the amplicons were individually cloned using a TA Cloning® 
Kit. A pCR™ 2.1 plasmid vector and One Shot® TOP10 chemically competent E. coli cells 
supplied with the kit were used for each cloning procedure. The protocol followed for ligation 
of the PCR products into the vector and transformation of the cells was as per the 
manufacturer’s instructions.  Five successfully transformed clones were selected from each 
transformation and bulked up overnight in LB broth containing 50 µg.ml-1 kanamycin that was 
incubated at 37°C and 225 rpm. The plasmids from these bulked up clones were extracted 
using a QIAprep® Spin Miniprep Kit and analysed for the presence of an insert through 
reamplification with the initial sets of PCR primers and thermocycling conditions. The 
presence and size of any reamplified products was evaluated on 1.5% agarose gels as 
described above.  
The presence of inserts in the extracted vectors was also tested for by a restriction digest 
using the Fast Digest EcoRI restriction enzyme. A 2 µl sample of the extracted plasmid 
solution, 1 µl EcoRI enzyme, 15 µl sterile nuclease-free water and 2 µl 10X digest buffer 
were prepared for each transformation and incubated in the thermocycler for 5 min at 37°C. 
The samples were then loaded onto a 1.5% agarose gel stained with SYBR® Safe DNA gel 
stain and run at 100 V for 50 min. The size of any restriction products was estimated through 
comparison with a concurrently run sample of the GeneRuler 100 bp DNA Ladder. The gels 
were viewed using the Syngene G:Box GeneSnap image acquisition software. 
Sequencing of the vector insert amplicons from each successful PCR and cloning reaction 
(as determined by both tests performed to verify amplicon presence) was carried out at the 
Central Analytical Facility (CAF) at the University of Stellenbosch, South Africa 
(http://academic.sun.ac.za/saf/about.html) used a BigDye Terminator V3.1 sequencing kit 
(Applied Biosystems). and the M13 Foward (-20) and Reverse plasmid primers to guide the 
sequencing process.  
79 
 
3.3.7 Phylogenetic analysis 
The DNA sequence files supplied by the CAF were edited with BioEdit Sequence Alignment 
Editor V7.0.9.0 (Hall, 1999). The forward and reverse sequence files were for each gene 
each manually trimmed to include the region bounded by the forward and reverse primers, 
aligned using the CLUSTALW (Thompson et al., 1994) add-on in BioEdit. Congruency 
between the forward and reverse sequence data was verified by eye. A nucleotide BLAST 
search in the GenBank database of the National Centre for Biotechnology Information (NCBI: 
http://www.ncbi.nlm.nih.gov/genbank) was initiated with the forward sequence file of each 
amplified gene from the isolate to assess their homology with other sequence data records in 
the database. This was done to verify that the correct genes of the isolate had been amplified 
and sequenced and could be used for further analyses.  
Taxonomic placement of the isolate within the Pestalotiopsis genus was carried out based on 
an ITS-inferred phylogeny. Homologous Pestalotiopsis accessions indicated by the BLAST 
search of the ITS region of the database were not included in the analysis, due to the 
uncurated nature of the GenBank database. The taxa that were chosen instead from the 
study of Maharachchikumbara et al. (2012) and subsequent studies that have built on this. 
The taxa chosen for analysis are presented in Table 3.2 below. 
The ITS dataset was assembled using BioEdit V7.0.9.0 and aligned using CLUSTALW. The 
alignment was manually optimised before the dataset was used for phylogenetic 
assessment. The final aligned dataset comprised 470 characters (of which 105 were variable 
and 66 parsimony informative) from 66 strains, representing 65 Pestalotiopsis taxa and 
Seiridium sp. SD096 as the outgroup.  
An ITS-based phylogenetic tree was constructed using the neighbour-joining method (Saitou 
& Nei, 1987) using MEGA 6.06 (Tamura et al., 2013). Evolutionary distances were computed 
using the maximum composite likelihood method (Tamura et al., 2004). Gaps and missing 
data were treated as complete deletions and branching pattern confidence intervals were 
estimated based on 500 bootstrap resampling replicates. The resultant tree generated from 
this analysis, shown in Appendix 3.7.4 below, was annotated with FigTree v1.4.2 




Table 3.2 NCBI GenBank accession data of the ITS region of Pestalotiopsis taxa used for 




Pestalotiopsis sp. PPRI 16883 n/a This study
P. adusta ICMP6088 JX399006 Maharachchikumbara et al. (2012)
P. adusta MFLUCC 10-0146 JX399007 Maharachchikumbara et al. (2012)
P. anacardiacearum  IFRDCC 2397 KC247154 Maharachchikumbara et al. (2013a)
P. asiatica  MFLUCC 12-0286 JX398983 Maharachchikumbara et al. (2012)
P. camelliae MFLUCC 12-0277 JX399010 Maharachchikumbara et al. (2012)
P. camelliae MFLUCC 12-0278 JX399011 Maharachchikumbara et al. (2012)
P.  cf. algeriensis CGMCC 3.9164 JQ683718 Maharachchikumbara et al. (2013b)
P. cf. disseminata CGMCC 3.9160 JQ683716 Maharachchikumbara et al. (2013b)
P. cf. menezesiana CGMCC 3.9134 JQ683719 Maharachchikumbara et al. (2013b)
P. cf. menezesiana CGMCC 3.9181 JQ683713 Maharachchikumbara et al. (2013b)
P. cf. microspora CGMCC 3.9199 JQ683722 Maharachchikumbara et al. (2013b)
P. cf. versicolor CGMCC 3.9107 JQ683712 Maharachchikumbara et al. (2013b)
P. cf. versicolor CGMCC 3.9135 JQ683715 Maharachchikumbara et al. (2013b)
P. cf. versicolor CGMCC 3.9159 JQ683714 Maharachchikumbara et al. (2013b)
P. cf. virgatula CGMCC 3.9202 JQ683723 Maharachchikumbara et al. (2013b)
P. chinensis  MFLUCC 12-0273 JX398995 Maharachchikumbara et al. (2012)
P. chrysea  MFLUCC 12-0261 JX398985 Maharachchikumbara et al. (2012)
P. chrysea MFLUCC 12-0262 JX398986 Maharachchikumbara et al. (2012)
P. clavata  MFLUCC 12-0268 JX398990 Maharachchikumbara et al. (2012)
P. clavata MFLUCC 12-0269 JX398991 Maharachchikumbara et al. (2012)
P. clavispora  IFRDCC 2391 KC537808 Maharachchikumbara et al. (2013a)
P. clavispora MFLUCC 12-0280 JX398978 Maharachchikumbara et al. (2012)
P. clavispora MFLUCC 12-0281 JX398979 Maharachchikumbara et al. (2012)
P. coffeae-arabicae HGUP4015 KF412647 Song et al. (2013)
P. diversiseta  MFLUCC 12-0287 JX399009 Maharachchikumbara et al. (2012)
P. ellipsospora MFLUCC 12-0283 JX398980 Maharachchikumbara et al. (2012)
P. ellipsospora MFLUCC 12-0284 JX398981 Maharachchikumbara et al. (2012)
P. ericacearum  IFRDCC 2439 KC537807 Maharachchikumbara et al. (2013a)
P. foedans CGMCC 3.9123 JX398987 Maharachchikumbara et al. (2012)
P. foedans  CGMCC 3.9178 JX398989 Maharachchikumbara et al. (2012)
P. foedans CGMCC 3.9202 JX398988 Maharachchikumbara et al. (2012)
P. furcata  MFLUCC 12-0054 JQ683724 Maharachchikumbara et al. (2012)
P. gaultheria  IFRD 411-014 KC537805 Maharachchikumbara et al. (2013a)
P. hainanensis GQ869902 Maharachchikumbara et al. (2012)
P. inflexa  MFLUCC 12-0270  JX399008 Maharachchikumbara et al. (2012)
P. intermedia  MFLUCC 12-0259 JX398993 Maharachchikumbara et al. (2012)
P. intermedia MFLUCC 12-0260 JX398997 Maharachchikumbara et al. (2012)
P. jesteri  AF377282 Maharachchikumbara et al. (2012)
P. jesteri MFLUCC 12-0279 JX399012 Maharachchikumbara et al. (2012)
P. karstenii  IFRDCC OP13 KC537806 Maharachchikumbara et al. (2013a)
P. kunmingensis  AY373376 Maharachchikumbara et al. (2012)
P. licualacola HGUP4057  KC492509 Geng et al. (2013)
P. linearis  MFLUCC 12-0271 JX398992 Maharachchikumbara et al. (2012)
P. linearis MFLUCC 12-0272 JX398994 Maharachchikumbara et al. (2012)
P. magna  MFLUCC 12-652 KF582795 Maharachchikumbara et al. (2013a)
P. pallidotheae  AB482220 Maharachchikumbara et al. (2012)
P. rhododendri  IFRDCC 2399 KC537804 Maharachchikumbara et al. (2013a)
P. rhodomyrtus HGUP 4230 KF412648 Song et al . (2013)
P. rosea  MFLUCC12-0258 JX399005 Maharachchikumbara et al. (2012)
P. samarangensis  MFLUCC 12-0233 JQ968609 Maharachchikumbara et al. (2012)
P. saprophyta  MFLUCC 12-0282 JX398982 Maharachchikumbara et al. (2012)
P. steyaertii IMI 192475 KF582796 Maharachchikumbara et al. (2013a)
P. theae MFLUCC 12-0055 JQ683727 Maharachchikumbara et al. (2012)
P. theae SC011 JQ683726 Maharachchikumbara et al. (2012)
P. trachicarpicola  MFLUCC 12-0263 JX399000 Maharachchikumbara et al. (2012)
P. trachicarpicola MFLUCC 12-0264 JX399004 Maharachchikumbara et al. (2012)
P. trachicarpicola MFLUCC 12-0265 JX399003 Maharachchikumbara et al. (2012)
P. trachicarpicola MFLUCC 12-0266 JX399002 Maharachchikumbara et al. (2012)
P. trachicarpicola MFLUCC 12-0267 JX399001 Maharachchikumbara et al. (2012)
P. trachicarpicola OP068 JQ845947 Maharachchikumbara et al. (2012)
P. umberspora  MFLUCC 12-0285 JX398984 Maharachchikumbara et al. (2012)
P. unicolor MFLUCC 12-0275 JX398998 Maharachchikumbara et al. (2012)
P. unicolor MFLUCC 12-0276 JX398999 Maharachchikumbara et al. (2012)
P. verruculosa  MFLUCC 12-0274  JX398996 Maharachchikumbara et al. (2012)




Symptoms of Pestalotiopsis infection observed on Strelitzia reginae are depicted below. 
Figure 3.1 Initial symptoms on infected leaves are small, black circular lesions (a). Infected 
leaves subsequently show bleached tissue (b), which progresses to localised (c) or extensive 
leaf necrosis (d). Distinctive black spore-producing bodies develop on the newly necrotic leaf 
tissue (e).  
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The symptoms observed on S. reginae are prominent and can be very persistent, probably 
due to the slow-growing nature of the plants. Observation of the pieces of necrotic leaf 
lesions used in this study (Figure 3.1 d) indicated that any fungal conidia were readily picked 
up and transferred with a damp inoculating loop but not with dry equipment, suggesting that 
water-assisted dispersal of fungal propagules is important in the epidemiology of this 
disease.  
 
Figure 3.2 Bright-field images of the conidia of the fungal isolate implicated in the foliar 
disease observed on S. reginae  
The spores observed in Figure 3.2 are morphologically consistent with the asexual conidial 
spores of the fungal genus Pestalotiopsis Steyaert when characterised using the 
dichotomous key to Pestalotiopsis and allied genera from Jeewon et al. (2002). The mean 
conidial dimensions of this isolate were measured as 22 ± 1 µm long x 8 ± 0.5 µm wide. 
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Figure 3.4 Colony morphology of the Pestalotiopsis isolate after eight days incubation on 
MEA at 25 ± 2°C: (a) from above; (b) from below. (c) Sporulation of the Pestalotiopsis isolate 
on MEA after five days exposure to 24 hour UV illumination.  
The mycelium of the Pestalotiopsis isolate growing on MEA is initially white and cottony as 
illustrated in Figure 3.4(a) above. The development of conidia results in the mycelial surface 












Figure 3.5 Lesions on leaves on infected Strelitzia reginae seedlings: (a) new lesions, (b) 




New lesions begin as small brown spots that enlarge and develop a black margin. As the 
lesions age, they become black and sunken, as illustrated in Figure 3.1(a). 
Figure 3.6 (a) PCR products re-amplified from plasmids transformed with three gene 
products of the isolate; (b) products obtained from a restriction digest of samples of the same 
plasmids analysed for the presence of an insert via PCR in (a).  
At least one clone for each gene transformation showed the correct size PCR and restriction 
digest to be present in the extracted plasmids, indicating a successful amplification of the 
















Figure 3.7 NJ phylogenetic tree generated based on the ITS sequence data for this isolate 


















The topology of the dendrogram generated using the ITS sequence data of the isolate 
indicates that it falls within a clade comprised of Pestalotiopsis species that can be 
characterised by their versicolorous median conidial cells, defined as Clade B by 
Maharachchikumbura et al. (2012).  
3.5 DISCUSSION 
Eighteen genera of fungi have been found to cause disease in Strelitzia and have been 
reported in the available literature (Table 3.1). All organs of Strelitzia plants (roots, leaves 
and flowers) appear to be susceptible to fungal diseases. The disease identified in this study 
appears to be confined the leaves of infected plants, with both the leaf blades and petioles 
displaying symptomatic areas (Figure 3.1). 
The conidia observed on wet mounts made from the blackened areas of the dried S. reginae 
leaves displayed a distinctive morphology, as illustrated in Figures 3.2 and 3.3. When 
compared with a dichotomous key to Pestalotiopsis and allied genera (Jeewon et al., 2002) 
and a key to some commonly used conidial characteristics for Pestalotiopsis species 
identification (Maharachchikumbura et al., 2011), the morphology of these spores is 
characteristic of a Pestalotiopsis species. 
Jeewon et al. (2003) has described Pestalotiopsis species as ubiquitous saprobes, plant 
endophytes or phytopathogens. Pestalotiopsis sp. are anamorphic ascomycotes and 
produce asexual conidia in pycnidia (Maharachchikumbura et al., 2011). It is apparent that 
that the blackened areas shown in Figure 3.1(e) are aggregations of pycnidia, containing 
many conidia, as illustrated in Figure 3.2.  
The Pestalotiopsis sp. isolated from S. reginae produced conidia that were 4-septate and 22 
± 1 µm long x 8 ± 0.5 µm wide. The three euseptate median cells were versicolorous 
(Jeewon et al., 2003), whilst the apical cells were hyaline. Two or three apical appendages 
(without knobbed ends) and a single, centric basal appendage are present on each conidium 
(Figures 3.2 and 3.3).  
The isolate shows white, cottony mycelial growth on MEA (Figure 3.4a) and was found to 
produce conidia in black droplets on MEA, regardless of whether the culture was exposed to 
UV light or not during incubation. Cultures exposed to UV light did, however, sporulate 
quicker than those kept in a dark incubator. Sporulation was prolific and plates became 
covered in black spore-bearing masses soon after sporulation began (Figure 3.4c). All 
isolates induced to sporulate were confirmed to be the same Pestalotiopsis sp., based on 
their spore morphology. 
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Strelitzia reginae seedlings inoculated with a conidial suspension of the Pestalotiopsis isolate 
began to exhibit the development of small brown leaf lesions with a black border 8-10 days 
post inoculation (Figure 3.5a). The lesions became entirely black and sunken as they aged. 
These older lesions were similar to those observed in already infected plants and illustrated 
in Figure 3.1b.  Plants inoculated with sterile distilled water remained healthy during and 
beyond the same time period.  
A fungus producing a white cottony mycelium similar to that of the initial isolate was 
consistently re-isolated from the lesions of inoculated plants and produced conidia that were 
morphologically identical to those with which the plants were inoculated. This indicates that 
the Pestalotiopsis sp. originally isolated from a mature plant was capable of causing leaf 
blight on S. reginae seedlings and hence can be considered pathogenic towards S. reginae. 
A number of Pestalotiopsis species have previously been recorded in South Africa (Jeewon 
et al., 2002; 2003; 2004; Lee et al., 2006), but none from S. reginae. Comparisons between 
the conidial and apical appendage morphologies of this isolate and those mentioned in the 
studies above exclude all the Pestalotiopsis species recorded in South Africa as the identity 
of this isolate, except possibly for P. sydowiana (Bres.) B. Sutton. Conidial dimensions of this 
isolate fall within the variable reported ranges for P. sydowiana in the studies conducted by 
Hopkins & McQuilken (2000), Remlein-Starosta (2004), Chen et al. (2012), Kamil et al. 
(2012) and Fang et al. (2013) but DNA sequence data from the isolates in these studies has 
not been made available for further comparison. 
Leaf spotting of another Strelitzia species, S. nicolai, has been reported in New Zealand by 
Braithwaite et al. (2006). This leaf spotting was attributed to a Pestalotiopsis species, P. 
versicolor (Speg) Steyaert. Pestalotiopsis versicolor has not previously been reported from S. 
reginae or from South Africa but the conidial dimensions of this isolate fall within the range of 
those reported for P. versicolor by Wei et al. (2007), Feng et al. (2011), Kamil et al. (2012) 
and Maharachchikumbura et al. (2013b).  
The fact that the conidial dimensions of this isolate overlap with those of a number of 
Pestalotiopsis species indicates that the accurate identification of Pestalotiopsis isolates 
based on solely on their conidial dimensions is unlikely. Recent research on the genus has 
indicated that it is taxonomically poorly understood at both an inter- and intraspecies level 
(Maharachchikumbura et al., 2011). Researchers studying the genus have found that a 
combination of ITS, β-tubulin and tef1 gene data gives the best phylogenetic species 
resolution when compared to single gene and/or morphology-only analyses. They have thus 
attempted to resolve this problem by generating a multi-locus backbone phylogenetic tree for 
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the genus (Maharachchikumbura et al., 2012; 2013a) to which congruent gene data from 
new Pestalotiopsis isolates can be compared.  
The ITS sequence data of this isolate indicates that it clusters in a clade with at least four 
Pestalotiopsis species that all possess versicolorous median conidial cells (Figure 3.7). 
Morphologically, the conidial dimensions of this isolate and its appearance when grown on 
an agar plate are most similar to those shown for the epitype of P. clavispora by 
Maharachchikumbura et al. (2012), with which it clusters in this versicolorous clade in Figure 
3.7. Concatenated phylogenetic analysis of the ITS, β-tubulin and tef1 gene sequence data 
from this isolate would provide the best indication of its taxonomic position within the genus 
and would allow for more accurate species identification.  
To the best of our knowledge, this is the first report of a Pestalotiopsis sp. being a pathogen 
of S. reginae and is the first record of a Pestalotiopsis-disease on Strelitzia in South Africa. 
The economic impact of this disease is unknown at present but infected plants can exhibit 
large areas of discolouration and necrosis on leaf blades and petioles. As such, their 
appearance would likely discourage consumers from purchasing infected plants. Weakened, 
diseased plants may be more susceptible to other pathogens and possibly display reduced 
flower yield and quality compared to healthy plants. Studies on the epidemiology and control 
of this disease of S. reginae are warranted. 
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BACTERIAL FLOWER BLIGHT OF STRELITZIA REGINAE (AITON) IN KWAZULU-NATAL, 
SOUTH AFRICA 
4.1 ABSTRACT 
Strelitzia reginae is a monocotyledonous plant that originates in South Africa and has 
become a well-known floricultural crop. It is highly valued as a cut flower and garden plant in 
suitable climates. A damaging blight of the flowers of a number of S. reginae plants was 
observed in Pietermaritzburg, KwaZulu-Natal, South Africa. Isolation of potential 
phytopathogens from symptomatic flower petals consistently associated a Gram-negative, 
catalase-positive and oxidase-negative rod-shaped bacterium with symptomatic tissues. An 
assessment of Koch’s postulates with a representative isolate of this bacterial strain 
confirmed its pathogenicity towards S. reginae. The morphological and cultural 
characteristics of the isolate indicated an affinity with the bacterial family the 
Enterobacteriacaeae. PCR amplification of the 16S rRNA region of the isolate generated a 
DNA fragment that exhibited BLAST similarities to the 16S rRNA region of various species of 
the enterobacterial genus Pantoea, chiefly P. agglomerans. Matrix-assisted laser 
desorption/ionisation-time of flight mass spectrometry (MALDI-TOF MS) of the peptidic 
profile of isolate corroborated the 16S rRNA identification of the pathogen and indicated an 
affinity to P. agglomerans. This is the first report of a Pantoea species as a phytopathogen of 
S. reginae and also the first report of a floral disease of S. reginae in South Africa. A 
representative culture of the isolate has been deposited at the Plant Pathogenic and Plant 
Protecting Bacteria (PPPPB) Culture Collection of the South African Agricultural Research 
Council Plant Protection Research Institute (ARC-PPRI), with the accession number Pantoea 
sp. BD 1293. 
4.2 INTRODUCTION 
Strelitzia reginae is an evergreen monocot native to South Africa and is the most widely 
known of the five members of its genus (Pooley, 2005; Cron et al., 2012). Today, it is known 
and grown worldwide as a cut flower and somewhat as a foliage plant. (Reinten et al., 2011). 
It grows well outdoors in warm climates, similar to that of its native range in the Eastern Cape 
and KwaZulu-Natal provinces, and has even naturalized in southern California, USA 
(Hoffman et al., 2011). 
In common with all floricultural crops, damage to S. reginae products can drastically reduce 
the marketability of the crop. If this damage occurs on the flowers, the product is immediately 
compromised. If the damage is to the rest of the plant, its potential to produce top quality 
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flowers is compromised. Either way, a reduction in the potential profit to the Strelitzia grower 
occurs. A number of studies on the pathogens of S. reginae have thus been carried out 
wherever it is grown, of which prior reports of Strelitzia diseases induced by bacterial 
pathogens is summarized in Table 4.1 below.  
Table 4.1 Bacterial diseases of Strelitzia  
Genus Species
Common name of disease 
and/or host organs affected Strelitzia  species Reference
Acidovorax avenae subsp. avenae Bacterial leaf stripe S.nicolai Wehlburg (1971); Seijo & Peres (2011)
avenae subsp. avenae Bacterial leaf stripe S. reginae Seijo & Peres (2011)
Burkholderia gladioli Leaf spot and blight S. reginae Cirvilleri et al. (2006a)
Pectobacterium carotovorum subsp. caratovorum Brown rot S. reginae Ogorodnik et al. (1996); Abd-El-Khair & Nofal 
(2001)
Pseudomonas  syringae pv. delphinii Necrosis and soft rot of flowers S. reginae Abd-El-Khair & Nofal (2001)
syringae pv. syringae S. reginae Cirvilleri et al. (2005); Cirvilleri et al. (2006b).
sp. Bacterial leaf stripe S. reginae Wehlburg (1970); Miller (1976)
Ralstonia solanacearum Bacterial wilt S. reginae Liu et al. (2009); Rodrigues et al. (2011); 
Chandrashekara et al. (2012)
Xanthomonas campestris S. nicolai Chase & Jones (1987)
campestris S. reginae Chase & Jones (1987); Miller & Chase (1987); 
Graham et al . (1990)  
Members of six bacterial genera have been reported to cause disease on Strelitzia. It seems 
that all organs of the plants are susceptible to bacterial infection, based on the location of 
symptoms mentioned by the authors of the studies cited in Table 4.1. The only prior report of 
a floral disease of S. reginae caused by bacterial infection is that made by Abd-El-Khair & 
Nofal (2001), where Pseudomonas syringae was implicated.  
Symptoms of spotting and necrosis have been observed on the flowers of many S. reginae 
plants growing in Pietermaritzburg, KwaZulu-Natal, South Africa for a number of years. The 
aim of this study was to investigate the cause of the observed symptoms and identify the 
suspected phytopathogen responsible for the disease.  
4.3 MATERIALS AND METHODS 
4.3.1 Isolation of bacteria from infected flowers 
Isolation of microbes from symptomatic S. reginae petals was carried out by aseptically 
excising four 1 cm2 portions of symptomatic flower lesions from three separate plants to give 
12 portions of petal tissue from symptomatic areas, sterilizing them in a 0.35% sodium 
hypochlorite solution for one minute and then triple-rinsing them in distilled water. Each piece 
was then individually placed onto 90 mm tryptone soy agar (TSA) plates and incubated at 25 
± 2°C until bacterial growth from the lesions was evident. The morphotype of the single 
bacterial strain that grew from all portions was identical. A single colony was thus obtained 
from a three-way streak (of the bacterial ooze observed around one of the petal portions onto 
a fresh TSA plate), suspended in a sterile 30% glycerol solution and stored at -80°C. A single 
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fresh loopful of this stored isolate was used as the progenitor of the stock used for all further 
analyses.  
A representative culture of the isolate has been deposited at the Plant Pathogenic and Plant 
Protecting Bacteria (PPPPB) Culture Collection of the South African Agricultural Research 
Council Plant Protection Research Institute (ARC-PPRI) with the accession number BD 
1293. 
4.3.2 Koch’s postulates and pathogenicity studies 
Since the disease appeared to be widespread on the plants in the university grounds, six 
plants obtained from a locality with no disease history were housed in a polyethylene tunnel 
for one month before inoculation to confirm that they were not infected. All six plants failed to 
develop any symptoms of disease during this period and were thus used to apply Koch’s 
postulates to test for any causative relationship between the bacterial isolate and the disease 
symptoms observed.  
A 24 h old sample of the isolate grown on TSA plates was used to inoculate 100 ml of sterile 
tryptone soy broth (TSB). The broth was incubated overnight at 25 ± 2°C and then used to 
make up a 500 ml inoculation mix, containing approximately 1 x 106 cfu ml-1, by mixing a 
sample of the broth with an appropriate amount of sterile, distilled water. The mix was then 
aseptically added to a sterile 1.5 L Pressure Sprayer and used to inoculate all flowers 
produced by five of the six plants in the tunnel. The inoculation mix containing the isolate was 
applied in the form of a fine mist evenly to all surfaces of the flowers until the point of run off. 
All flowers of the 6th plant were inoculated with sterile distilled water, to serve as a negative 
control for the test. The plants were observed daily for symptom development. Microbes 
were re-isolated from symptomatic tissues in the same manner as described above for the 
initial isolation.  
The inoculation trial was repeated with the same six plants to assess the pathogenic 
potential of the isolate under varying environmental conditions. Two of these plants served 
as controls for the duration of the trial. All the flowers of one were left untouched, whereas 
those of the 2nd were misted with distilled water and covered with clear polyethylene bags 
(held in place with elastic bands). The remaining four plants were selected for inoculation 
and all of their flowers were surface sterilized with a thorough spray of 70% ethanol 
approximately ten minutes prior to inoculation. An inoculation mix was then prepared in the 
manner described above. Post-sterilization but pre-inoculation, the flowers of two sterilized 
plants were scratched with a sterile dissecting needle to induce extra damage to the tissues.  
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Thus, the flowers of two of these four sterilized plants were wounded and inoculated. One 
had its flowers bagged, the other not. The flowers of the two other sterilized plants were 
inoculated but not wounded (one was bagged, the other not). The plants were assessed daily 
for any symptom development over a period of 7 days, when day temperatures were in the 
region of 25 to 30°C. 
4.3.3 Microbiological characterization of isolate 
4.3.3.1 Morphological assessments 
Single colonies of the isolate were selected after 24 hours of growth on TSA at 25 ± 2°C and 
aseptically transferred to fresh 90 mm TSA and Nutrient Agar (NA) plates to investigate any 
possible variation in the morphological characteristics of the isolate due to differences in the 
culture medium utilized. A wet mount of the isolate was prepared and viewed using a Zeiss 
Axio Scope.A1 light microscope.  
4.3.3.2 Biochemical assessments 
Single colonies of the isolate were selected after 24 hours of growth on TSA at 25 ± 2°C and 
aseptically smeared on clean microscope slides for assessment. A 3% KOH solution was 
used to assess the gram reaction of the isolate, while catalase and oxidase enzyme activities 
were tested according to standard methods – catalase using a pharmacy-bought 3% v/v 
H2O2 solution and oxidase using self-prepared Kovac’s reagent (1% aqueous N,N,N’,N’-
tetramethyl-p-phenylenediamine). Strains of Escherichia coli Castellani and Chalmers and 
Staphylococcus aureus Rosenbach with known biochemical reactions were concurrently 
cultured and assessed alongside the isolate to serve as controls. These strains gave the 
expected results for all tests. 
BioMérieux API 50 CH strips were used to develop a fermentative metabolic profile of the 
isolate. The biolog analysis was carried out and the results were interpreted as per the 
manufacturer’s instructions, with API 50 CHB/E Medium used to rehydrate the carbohydrate 
substrates. The isolate was incubated at 30 ± 1°C for the duration of the assessment and 
carbohydrate substrate usage assessed and recorded at 24 and 48 hrs post inoculation.  
4.3.4 DNA extraction, polymerase chain reaction (PCR) of the 16S rRNA gene region of the 
isolate 
A method of crude lysis was used to obtain template DNA for PCR analysis from the isolate 
by suspending a single, 24 h old bacterial colony in 10 µl sterile 1 x TE buffer and then 
heating the sample to 95°C for 10 min using a G-Storm Goldblock GS1 thermocycler. The 
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sample was then spun down at 12 000 rpm for 2 min using a benchtop centrifuge. After 
centrifugation, the resulting supernatant was used as a template for PCR amplification. 
PCR amplification of the conserved bacterial 16S rRNA gene region of the isolate was 
carried out using a KAPA 2G Fast HS ReadyMix PCR Kit. Two 20 µl reaction mix each 
consisting of 1 µl freshly prepared template DNA, 10 µl 2X KAPA2G Fast HS ReadyMix, 1.5 
µl each of the forward (fD1) [5'- CCGAATTCGTCGACAACAGAGTTTGATCCTGGCTCAG -
3'] and reverse (rP2) primers [5'- CCCGGGATCCAAGCTTACGGCTACCTTGTTACGACTT -
3'] (Weisburg et al., 1991) and 6 µl sterile nuclease-free water were prepared for the isolate. 
A separate sample prepared with 1 µl of sterile nuclease-free water added instead of 
template DNA was prepared to serve as a negative control and concurrently subjected to the 
same PCR and electrophoretic processes as the samples from the isolate.  
The 16S rRNA PCR was run with  the following protocol: an initial denaturation step of 95°C 
for 2 min, followed by 35 cycles of 95°C for 20 s, 42°C for 35s and 72°C for 45s and a final 
elongation step of 72°C for 5 min. The PCR protocol used was based on that outlined by 
Weisburg et al. (1991) but optimized for the conditions of this study.   
All PCR reactions were run using a G-Storm Goldblock GS1 thermocycler. Products from all 
PCR reactions were analysed on a 1.5 % agarose gel, with 1 µl SYBR® Safe DNA gel stain 
added per 10 ml of gel. GeneRuler 1kb DNA Ladder was used as a molecular weight marker 
to estimate the size of any PCR products obtained. The gel was run at 100 V for 50 min and 
PCR products were viewed using a Syngene G:Box and captured using GeneSnap image 
acquisition software.  
4.3.5 DNA sequencing and phylogenetic analysis of the 16S rRNA region 
A Zymo DNA Clean & Concentrator - 500 Kit was used to remove excess reagents from a 
successful PCR reaction showing a single 1500 bp band. The clean PCR product was sent 
to the Central Analytical Facility (CAF) of the University of Stellenbosch 
(http://www.sun.ac.za/saf) for DNA sequencing, using the BigDye Terminator V3.1 
sequencing kit (Applied Biosystems). 
The DNA sequence file supplied by the CAF was opened and edited with BioEdit Sequence 
Alignment Editor V7.0.9.0 (Hall, 1999). Areas of the trace file with poor resolution outside of 
the region bound by the forward and reverse primers were removed before the sequence 
data was compared using a nucleotide BLAST search algorithm to that of other bacterial 16S 
rRNA homologues housed in a public-access DNA sequence database, the curated, type-
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strain referenced Ribosomal Database Project (RDP) repository maintained by the Michigan 
State University (http://rdp.cme.msu.edu/seqmatch/seqmatch_intro.jsp).  
4.3.6 Matrix-assisted laser desorption/ionisation-time of flight mass spectrometry (MALDI-
TOF MS) of the isolate 
Samples of a number of bacterial isolates were prepared and simultaneously analysed using 
a Bruker Microflex MALDI-TOF MS bench top Biotyper system. The isolate (ST1 in the 
MALDI-TOF MS output shown in Figure 4.6) was cultured for 24 hours on TSA at 25 ± 2°C. A 
single colony was picked off using a sterile toothpick and added to a 1.5ml Eppendorf tube 
containing 300 µl of sterile distilled water. An ethanol/formic acid extraction procedure was 
performed on the sample for profiling as per the methods laid out in the supplementary 
material provided by Bruker Daltonics. Of the resulting supernatant, 1 µl was pipetted onto a 
MSP 96 target spot polished steel plate and left to air dry, then 1 µl of HCCAportioned matrix 
solution was overlaid onto each sample and also left to air dry before analysis. Once dry, the 

















4.4 RESULTS  
Symptoms of this floral disease of S. reginae manifest as small, dark brown or black circular 
lesions on the petals of S. reginae cultivars. 
 
Figure 4.1 Disease symptoms on the petals of (a) Strelitzia reginae and (b) S. reginae 





 These symptoms first become apparent on the older flowers (as they senesce) and then 
progress to newer flowers. Disease outbreaks occur during periods of hot and humid weather 
(typically during spring and summer) in Pietermaritzburg, KwaZulu-Natal, South Africa. If 
these favourable environmental conditions are prolonged, the lesions coalesce to form 
irregular necrotic areas on the petals. 
Figure 4.2 Tunnel-grown S. reginae flowers that developed disease symptoms following 
inoculation with the bacterial isolate 
All flowers inoculated in the tunnel developed disease symptoms 6 days post-inoculation. 
The symptoms observed on these plants were very similar to those initially observed and 




Figure 4.3 Symptom severity increased: (a) under very humid conditions and (b) when 
flowers were wounded. Photographs taken 7 days post inoculation.  
Flowers that were inoculated and bagged with a polyethylene bag showed much more 
extensive lesion coalescence when compared to flowers that were not bagged after 
inoculation. Flowers that were wounded with a sterile needle and inoculated (whether 
bagged or not) developed even greater levels of disease. It was thus evident that high 
humidity around the petals and any wounding of the petals can greatly increase disease 
severity.  
 
Figure 4.4 (a) Colonies of isolate on TSA after 48 h incubation at 25 ± 2°C; (b) API 50 CH 
metabolic profile of isolate after 48 h incubation at 30 ± 1°C. 
The isolate grew rapidly and presented circular colonies that were convex in cross section 




appearance to the colonies was characteristic but the intensity of this yellow colouring varied 
with culture medium (lighter on NA, darker on TSA), age (became more intense as the 
culture aged) and/or cooler storage conditions. The isolate was able to grown aerobically on 
TSA and anaerobically under biolog test conditions, verifying its nature as a facultative 
anaerobe.  
 
Figure 4.5 1.5% agarose gel showing PCR products amplified from total genomic DNA of the 
bacterial isolate using 16S rRNA region specific primers: Lane 1 – 1 kb MWM, Lanes 2 and 3 
- approximately 1500 bp PCR products, Lane 4 – negative control. 
A single band of the right size was evident for both PCR reactions containing total genomic 
DNA of the isolate. Amplification of the 16S rRNA region of this bacterial isolate was 
considered successful, since no PCR product was evident for the negative control.  
6000 bp









Figure 4.5 RDP database BLAST results for the16S rRNA region of the isolate 
Sequence data obtained from the 16S rRNA region of the isolate indicated similarities to 







Figure 4.6 Bruker MALDI Biotyper output from the analysis of a number of bacterial strains. 
The isolate pertinent to this study (ST1) is indicated with the arrow. 
According to the MALDI-TOF MS analysis of the isolate, both the first and second best 
matching organisms for the isolate were P. agglomerans (Ewing & Fife). The support score 
values (2.134 and 2.059 respectively) assigned to the isolate fell within the range of a ‘secure 
genus identification, probable species identification’, as outlined by the analysis report. 
Categorically, the values assigned to this isolate fall below the range MALDI-TOF MS 
analysis would assign to a ‘highly probable species identification’, namely 2.300-3.000.  
4.5 DISCUSSION 
Isolations from symptomatic S. reginae petals consistently yielded bacteria of a single 
morphotype, representatives of which are illustrated in Figures 4.1 and 4.4 respectively. The 
prevalence of the pathogen in association with diseased tissues and its survival of the 
surface-sterilization process in all cases pointed strongly towards the causal nature of this 
bacterium in the disease observed. Testing Koch’s postulate tests confirmed this, as again 
only one type of bacteria was consistently re-isolated from symptomatic, inoculated plant 
petals. Flowers that were not inoculated remained healthy throughout the duration of the 
study. These re-isolated bacterial strains were morphologically identical to the original isolate 
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and displayed the same morphological and biochemical characteristics as the original isolate. 
Koch’s postulates were thus fulfilled.  
It was discerned in the brief pathogenicity trial that disease severity (and thus symptoms of 
the disease) can vary based on the environmental conditions prevalent at the time of 
infection. As illustrated in Figure 4.3, flowers that were kept under very humid conditions 
and/or wounded developed more severe symptoms faster than plants observed under 
natural infection or spray post inoculation in the greenhouse trials.  In all cases, none of the 
flowers of plants kept in the greenhouse that were not inoculated developed any symptoms, 
whether they were bagged or not.  
The isolate obtained in this study produces entire, yellow colonies when grown on TSA 
(Figure 4.4a) and is gram-negative, catalase positive and oxidase negative. It was found to 
be a rod-shaped, facultative anaerobe, revealed by its ease of culture on TSA and its ability 
to produce acid but not gas from the following carbohydrate substrates: D-arabitol, D-
fructose, D-galactose, D-glucose, D-maltose, D-mannitol, D-mannose, D-ribose, D-
saccharose (sucrose), D-trehalose, D-xylose, inositol, L-arabinose, L-rhamnose and N-
acetylglucosamine (Figure 4.4b) 
 
These morphological and biochemical results are consistent with those reported for bacterial 
strains belonging to the family Enterobacteriaceae and genus Pantoea Gavini et al. [Brady et 
al. (2010a); De Maayer et al. (2012) and Holt et al. (2000)]. The metabolic profile generated 
by using the API 50 CH kit (Figure 4.4b) was not used to assign a specific identity to the 
isolate, as Coutinho & Venter (2009), Rezzonico et al. (2010) and Rezzonico et al. (2012) 
have all highlighted the inaccuracy of using biologs to discriminate between Pantoea species 
and strains, but were rather used to generate a preliminary assessment of the biochemical 
profile of the isolate.  
 
A single PCR product of approximately 1500 bp, corresponding to the 16S rRNA gene region 
of the isolate was generated, evident in Figure 4.3. A BLAST search for homologues 
indicated a close match with various 16S rRNA sequences assigned to various Pantoea 
species, largely P. agglomerans. This was apparent in the BLAST similarity results produced 
by both databases used. The 16S rRNA data of this isolate strongly supports its identification 
as a Pantoea species, but is less reliable for discerning what Pantoea species this isolate 
actually is. This finding echoes the research of Coutinho & Venter (2009), Rezzonico et al. 
(2010) and Brady et al. (2012) who observed that it is unlikely that reliable identification of 
the isolate to a species level can be made within the genus based solely on the 16S rRNA 
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gene sequence data of the isolate. Brady et al. (2012) recommended amplification and 
sequencing of the atpD, gyrB, infB and rpoB genes of Pantoea isolates in conjunction with 
the 16S rRNA gene, followed by concatenated phylogenetic analysis of all gene data, as the 
most reliable method to identify Pantoea isolates to a species and/or strain level. 
  
Results from the MALDI-TOF MS analysis indicated that both the best and second best 
matching organism for the isolate was P. agglomerans. Rezzonico et al. (2010) studied the 
reliability of MALDI-TOF MS identification of Pantoea species and found that ‘MALDI-TOF 
MS analysis was able to discriminate strains within Pantoea and to segregate related strains 
into separate species/clades with the same level of accuracy as gyrB sequencing and more 
sensitively than either biochemical or 16S rRNA gene sequencing approaches’. Rezzonico et 
al. (2010) also found that the use of different media for isolate growth prior to analysis had an 
effect on the composition of the mass spectra obtained for the isolate but not enough to blur 
the distinctions between species. Thus, although MALDI-TOF MS tentatively identifies this 
isolate as P. agglomerans, the supporting data is not strong enough to be conclusive. 
Additionally, the isolate did not exhibit the ability to hydrolyse esculin in its metabolic profiling, 
which Holt et al. (2000) cited as characteristic for P. agglomerans.  
It is evident that a bacterial strain of the genus Pantoea is involved in the disease observed 
on S. reginae and S. reginae ‘Mandela’s Gold’ plants growing in Pietermaritzburg. Personal 
observations of the progression of this disease on plants around the university campuses 
indicate that the petals are the only organ of infected plants to show symptoms but that a 
possible source of infection appears to come from the outside environment as the opening 
flowers leave the spathe. Spraying developing flower buds with 70% ethanol the day before 
the first petals break free from the sheaths making up the spathe led to disease-free flowers.  
Wounded petals and/or very humid environmental conditions lead to the rapid expansion of 
the lesions into the wounded areas of the petals but not onto the spathe and scape. As they 
began to senesce, symptomless flowers that were harvested from outdoor plants and kept 
indoors in the laboratory, but not sterilized, consistently displayed symptoms identical to 
those observed in the field. Symptomless flowers harvested at the same time and from the 
same plants, but sprayed with a 70% ethanol solution, remained symptomless under the 
same conditions. This suggests that this bacterium is epiphytic on the spathe and moves 
onto the newly exposed petal tissues, which it colonises and subsequently invades, when 
environmental conditions are highly conducive to bacterial growth.  
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These symptoms always initially appear earliest on older flowers in spring and progress from 
older flowers to younger ones as the growing season progresses towards summer. Removal 
of symptomatic, senescing flowers appeared to reduce disease incidence on newer flowers. 
Symptoms appear much more heavily on plants growing as big clumps surrounded by many 
conspecifics, while plants that grow as smaller clumps and/or are more isolated in the 
landscape present much fewer symptoms. Effective control of this disease can probably be 
achieved by observing appropriate plant spacing and fertilizing schemes and taking steps to 
reduce excessive humidity in the growing environment, combined with frequent debris 
removal and periodic treatment of plant surfaces with appropriate disinfectants to reduce 
bacterial population levels. 
4.6 REFERENCES 
Abd-El-Khair, H. & Nofal, M.A. (2001) Flower bacterial soft rot of bird of paradise (Strelitzia 
reginae, Banks) in Egypt and its control. Arab Universities Journal of Agricultural Sciences 9: 
397-410. 
Brady, C.L., Cleenwerck, I., van der Westhuizen, L., Venter, S.N., Coutinho, T.A. & De Vos, 
P. (2012) Pantoea rodasii sp. nov., Pantoea rwandensis sp. nov. and Pantoea wallisii sp. 
nov., isolated from Eucalyptus. International Journal of Systematic and Evolutionary 
Microbiology 62: 1457–1464. 
 
Brady, C.L., Cleenwerck, I., Venter, S.N., Engelbeen, K., De Vos, P. & Coutinho, T.A. (2010) 
Emended description of the genus Pantoea, description of four species from human clinical 
samples, Pantoea septica sp. nov., Pantoea eucrina sp. nov., Pantoea brenneri sp. nov. and 
Pantoea conspicua sp. nov., and transfer of Pectobacterium cypripedii (Hori 1911) Brenner 
et al. 1973 emend. Hauben et al. 1998 to the genus as Pantoea cypripedii comb. nov. 
International Journal of Systematic and Evolutionary Microbiology 60: 2430–2440.  
 
Brady, C.L., Venter, S.N., Cleenwerck, I., Engelbeen, K., Vancanneyt, M., Swings, J. & 
Coutinho, T.A. (2009) Pantoea vagans sp. nov., Pantoea eucalypti sp. nov., Pantoea deleyi 
sp. nov. and Pantoea anthophila sp. nov. International Journal of Systematic and 
Evolutionary Microbiology 59: 2339–2345. 
 
Chandrashekara, K.N., Prasannakumar, M.K., Deepa, M., Vani, A. & Khan, A.N. (2012) 
Prevalence of races and biotypes of Ralstonia solanacearum in India. Journal of Plant 




Chase, A.R. & Jones, J.B. (1987) Leaf spot and blight of Strelitzia reginae (bird-of-paradise) 
caused by Xanthomonas campestris. Plant Disease 71: 845-847. 
 
Cirvilleri, G., Bonaccorsi, A., Scuderi, G. & Scortichini, M. (2005) Potential biological control 
activity and genetic diversity of Pseudomonas syringae pv. syringae strains. Journal of 
Phytopathology 153: 654-666. 
 
Cirvilleri, G., Bonaccorsi, A., Vitale, A., Castello, I. & Polizzi, G. (2006a) First report of leaf 
spot and blight of Strelitzia reginae caused by Burkholderia gladioli in Italy. Plant Disease 90: 
1553. 
 
Cirvilleri, G., Scuderi, G., Bonaccorsi, A. & Scortichini, M. (2006b) Molecular characterisation 
of Pseudomonas syringae pv. syringae strains from different host plants using fluorescent 
amplified fragment length polymorphism. Journal of Plant Pathology 88: 329-333.  
 
Coutinho, T.A. & Venter, S.N. (2009) Pantoea ananatis: an unconventional plant pathogen. 
Molecular Plant Pathology 10: 325-335.  
 
Cron, G.V., Pirone, C., Bartlett, M., Kress, W.J. & Specht, C. (2012) Phylogenetic 
relationships and evolution in the Strelitziaceae (Zingiberales). Systematic Botany 37: 606-
619. 
 
De Maayer, P., Chan, W.Y., Blom, J., Venter, S.N., Duffy, B., Smits, T.H.M. & Coutinho, T.A. 
(2012) The large universal Pantoea plasmid LPP-1 plays a major role in biological and 
ecological diversification. BMC Genomics 13: 625.  
 
Graham, J.H., Hartung, J.S., Stall, R.E. & Chase, A.R. (1990) Pathological, restriction-
fragment length polymorphism and fatty acid profile relationships between Xanthomonas 
campestris from citrus and noncitrus hosts. Phytopathology 80: 829-836. 
 
Hoffman, F., Daniel, F., Fortier, A. & Hoffman-Tesfay, S.S. (2011) Efficient avian pollination 
of Strelitzia reginae outside of South Africa. South African Journal of Botany 77: 503-505. 
 
Holt, J.G., Krieg, N.R., Sneath, P.H.A., Staley, J.T. & Williams, S.T. (2000) Bergey’s Manual 
of Determinative Bacteriology 9th Edition. Lippincott, Williams & Wilkins, Philadelphia, USA. 
pp. 184, 202-213. 
111 
 
Liu, Y., Kanda, A., Yano, K., Kiba, A., Hikichi, Y., Aino, M., Kawaguchi, A., Mizoguchi, S., 
Nakaho, K., Shiomi, H., Takikawa, Y. & Ohnishi, K. (2009) Molecular typing of Japanese 
strains of Ralstonia solanacearum in relation to the ability to induce a hypersensitive reaction 
in tobacco. Journal of General Plant Pathology 75: 369-380. 
 
Miller, J.W. (1976) Bacterial leaf stripe of Bird-of-Paradise. Plant Pathology Circular 169: 1-2.  
 
Miller, J.W. & Chase, A.R. (1987) Leaf spot and blight of bird-of-paradise caused by 
Xanthomonas campestris. Plant Pathology Circular 300: 1-2. 
 
Ogorodnik, L.E., Gvozdyak, R.I., Kabashnaya, L.V. & Yakovleva, L.M. (1996) Erwinia 
carotovora subsp. carotovora – a causal agent of brown rot of Strelitzia. Mikrobiologichnii 
Zhurnal 58: 7-10. 
 
Pooley, E. (2005) A Field Guide to Wildflowers of KwaZulu-Natal and the Eastern Region. 
The Flora Publications Trust, South Africa. pp. 46-47. 
 
Reinten, E.Y., Coetzee, J.H. & Van Wyk, B.E. (2011) The potential of South African 
indigenous plants for the international cut flower trade. South African Journal of Botany 77: 
934-946. 
 
Rezzonico, F., Vogel, G., Duffy, B. & Tonolla, M. (2010) Application of whole-cell matrix-
assisted laser desorption ionization-time of flight mass spectrometry for rapid identification 
and clustering analysis of Pantoea species. Applied and Environmental Microbiology 76: 
4497-4509. 
 
Rezzonico, F., Stockwell, V.O., Tonolla, M., Duffy, B. & Smits, T.H.M. (2012) Pantoea clinical 
isolates cannot be accurately assigned to species based on metabolic profiling. Transplant 
Infectious Disease 14: 220-221.  
 
Rodrigues, L.M., Destefano, S.A., Diniz, M.C., Comparoni, R. & Neto, J. (2011) Pathogenicity 
of Brazilian strains of Ralstonia solanacearum in Strelitzia reginae seedlings. Tropical Plant 
Pathology 36: 409-413. 
 
Seijo, T.E. & Peres, N.A. (2011) First report of Acidovorax avenae subsp. avenae causing 
bacterial leaf stripe of Strelitzia nicolai. Plant Disease 95: 1474. 
112 
 
Wehlburg, C. (1970) Bacterial leaf stripe of Strelitzia reginae Banks. Phytopathology 60: 589. 
 
Wehlburg, C. (1971) Bacterial leaf stripe of Strelitzia reginae caused by Pseudomonas sp. 
Plant Disease Reporter 55: 447-448. 
 
Weisburg, W.G., Barns, S.M., Pelletier, D.A. & Lane, D.J. (1991) 16S ribosomal DNA 






















ETIOLOGY OF A BACTERIAL SOFT ROT OF CLIVIA MINIATA (REGEL).IN SOUTH 
AFRICA 
5.1 ABSTRACT 
Clivia miniata is an evergreen monocotyledonous plant native to the eastern regions of South 
Africa. It has become a popular pot plant and garden plant in suitable climates. Two 
outbreaks of a soft rot disease were observed in commercial nurseries where C. miniata was 
being grown, one in Howick, KwaZulu-Natal and the other in White River, Mpumalanga, 
South Africa. Available literature reports have indicated similar disease outbreaks to be 
caused by soft rot bacteria. Two bacterial isolates that were able to cause soft rots of potato 
slices were obtained from diseased C. miniata plants, one from each locality. Koch’s 
postulates were evaluated with each isolate and indicated that each caused soft rot 
symptoms like those observed in the initial outbreaks. Both bacterial isolates were Gram-
negative, catalase- and oxidase-positive straight rods and exhibited cultural and 
morphological similarities to members of the bacterial genus Pseudomonas. PCR 
amplification of the 16S rRNA region of the White River isolate indicated similarities to a 
number of Pseudomonas species when a BLAST search of the Ribosomal Database Project 
database was performed, corroborating the morphological and cultural evaluations of these 
soft rot bacteria. A representative culture of each soft rot isolate has been deposited at the 
Plant Pathogenic and Plant Protecting Bacteria (PPPPB) Culture Collection of the South 
African Agricultural Research Council, Plant Protection Research Institute (ARC-PPRI) with 
the accession number Pseudomonas sp. BD 1294 for the Howick isolate and Pseudomonas 
sp. BD 1295 for the White River isolate, respectively. This is the first report of soft rot of C. 
miniata caused by a Pseudomonas species in South Africa. 
5.2 INTRODUCTION 
Although not the first species of its genus to be discovered, Clivia miniata Reg. is probably 
the best known of the six Clivia species (Aubrey, 2001; Dixon, 2011). It occurs naturally in 
the subtropical eastern regions of South Africa and Swaziland and grows in partial shade in 
forests and bush clumps, generally in substrates high in organic matter (Pooley, 2005). As a 
floricultural crop, it is grown principally as a flowering pot plant that is often discarded after 
the flowers have faded (Duncan, 1999; Reinten et al., 2011).  
Bacterial diseases of C. miniata have been reported four times in the available literature 
(Table 5.1 below). The principle symptom mentioned by the authors of these studies is a soft 
rot of infected tissues and sometimes the death of affected plants. Laing (2009) has 
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previously reported a soft rot disease experienced by growers of C. miniata in South Africa to 
be caused by Pectobacterium carotovorum subsp. carotovorum Waldee.  
Table 5.1 Bacterial species reported to cause disease on Clivia miniata 
 
Bacterial soft rots are caused by a number of bacterial genera, including Pectobacterium, 
Dickeya Samson et al., Pseudomonas Migula, Bacillus Cohn and Clostridium Prazmowski 
(Lunt, 2013). Soft rot diseases affect many crops worldwide, both in the field and during 
storage, and can cause significant crop losses (Charkowski, 2009; Lunt, 2013). Symptoms 
consistent with bacterial soft rot (oozing lesions and rapid rot of infected tissues) that were 
observed on several C. miniata plants during a hot and humid growing season prompted the 
investigations detailed in this study.   
5.3 MATERIALS AND METHODS 
5.3.1 Bacterial isolation, purification and storage 
Clivia miniata seedlings displaying symptoms of a foliar soft rot were observed in Howick, 
KwaZulu-Natal, South Africa in early spring (September 2012). A soft rot of the leaves (from 
the edges inwards and downwards towards the base of the stem) was also observed on 
mature, cultivated plants of C. miniata near White River, Mpumalanga, South Africa in late 
summer (February 2013). Environmental conditions at the time of both outbreaks were hot 
(day temperatures exceeding 30°C) and very humid (rainfall occurring daily).  
Four decaying leaf samples of approximately 1 cm2 were aseptically excised from one 
representative symptomatic plant in each outbreak and surface sterilized in a 0.35% sodium 
hypochlorite for one minute. These segments were then each rinsed three times with sterile 
distilled water and individually aseptically macerated in a drop of sterile distilled water using a 
sterile scalpel on sterile glass microscope slides. The macerated segments were left for five 
minutes before a single loopful of inoculum from each segment was aseptically streaked onto 
fresh 90 mm tryptone soy agar (TSA) plates and incubated at 25 ± 2°C for 48 hours.  
Representative single colonies of each bacterial morphotype that were observed on each 
plate were streaked onto fresh TSA plates and also incubated at 25 ± 2°C for 48 hours to 
check for strain purity. A single colony of each pure isolate was individually suspended in a 
Genus Species
Common name of 
disease Clivia  species Reference
Erwinia cypripedii brown rot Clivia spp. Han & Choi (1994)
Pectobacterium carotovorum subsp. carotovorum soft rot Clivia miniata Choi & Lee (2000); Laing (2009)
Pseudomonas syringae pv. syringae Clivia miniata Khan & Rudolph (1997) 
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sterile 30% glycerol solution and stored at -80°C. A loopful of these stored isolate stocks was 
used to grow up the cultures [plated on TSA incubated at 25 ± 2°C for 24 hours] used for all 
subsequent analyses. No fungal growth was observed from the diseased plant material that 
was used for microbe isolation.  
5.3.2 Evaluation of the soft rot ability of bacterial isolates 
A total of 11 bacterial isolates were obtained from the diseased plants collected in both 
outbreaks and purified by subculturing separate, single colonies onto fresh TSA plates. The 
bacterial isolates obtained from the infected plants were evaluated for their ability to rot 
potato tuber slices, using the method outlined by Perombelon & Van der Wolf (2002). The 
potato slices were incubated at 20 ± 2°C for 48 hours.  
5.3.3 Inoculation of healthy plants and determination of Koch’s postulates 
Two of the eleven bacterial isolates displayed the ability to rot inoculated potato slices; one 
from each disease outbreak. Koch’s postulates were thus evaluated individually for each of 
these isolates as follows: three healthy C. miniata seedlings were surface sterilized by 
misting them thoroughly with a 70% ethanol solution before they were lightly wounded on 
their stem bases with a sterile scalpel (two parallel vertical incisions approximately 10 mm 
long and 2 mm deep were made on each plant). An inoculation solution containing each 
isolate was made just prior to inoculation by aspetically suspending several 24 h old colonies 
in sterile distilled water and adjusting the concentration of each inoculation broth to 
approximately 1 x 105 cells ml-1. A volume of 100 µl of pre-prepared bacterial suspension 
was pipetted into the wounds and the plants covered with polyethylene bags for 24 hours 
following inoculation.  
Three additional healthy plants that were sterilized and wounded in the same manner but 
infiltrated with 100 µl sterile distilled water served as negative controls for the duration of the 
experiment. The plants were housed in a polyethylene tunnel with an automated misting 
system that created a warm and highly humid environment during the inoculation trails, 
reminiscent of the environmental conditions at the time the diseased plants were first 
observed. Bacteria were re-isolated from diseased plant tissues in the manner described 
above. 
A representative culture of each soft rot isolate from Howick and White River has been 
deposited at the Plant Pathogenic and Plant Protecting Bacteria (PPPPB) Culture Collection 
of the South African Agricultural Research Council Plant Protection Research Institute (ARC-
PPRI) with the accession number BD 1294 for the Howick isolate and BD 1295 for the White 
River isolate respectively.  
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5.3.4 Microbiological characterization of isolates 
5.3.4.1 Morphological assessments 
The isolates were streaked onto fresh TSA plates and grown for 48 hr at 25 ± 2°C. A wet 
mount of each isolate was prepared and viewed using a Zeiss Axio Scope.A1 light 
microscope. 
5.3.4.2 Biochemical assessments 
Single colonies of the isolates were selected after 24 hours of growth on TSA at 25 ± 2°C 
and aseptically smeared on clean microscope slides for assessment. A 3% KOH solution 
was used to assess the Gram Stain reaction of each isolate, while catalase and oxidase 
enzyme activities were tested according to standard methods – catalase using a pharmacy-
bought 3% v/v H2O2 solution and oxidase using self-prepared Kovac’s reagent (1% aqueous 
N,N,N’,N’-tetramethyl-p-phenylenediamine). Strains of Escherichia coli Castellani and 
Chalmers and Staphylococcus aureus Rosenbach with known biochemical reactions were 
concurrently cultured and assessed alongside the isolates to serve as controls. These strains 
gave the expected results for all tests. 
BioMérieux API 50 CH strips were used to develop a fermentative metabolic profile of the 
isolate. The Biolog® analysis was carried out and the results were interpreted as per the 
manufacturer’s instructions, with API 50 CHB/E Medium used to rehydrate the carbohydrate 
substrates. Each isolate was incubated at 30 ± 1°C for the duration of the assessment and 
carbohydrate substrate usage assessed and recorded at 24 and 48 hrs post-inoculation.  
The isolates were also assessed for their ability to degrade pectin as follows: loopfuls of 
inoculum were aseptically streaked onto two step crystal violet pectate (CVP-S2) medium 
[composition and formulation as per Perombelon & Van der Wolf (2002)] and incubated at 25 
± 2°C for 48 hours. This test is carried out to distinguish soft rot Erwinia and Pectobacterium 
species from other soft rot bacterial genera, based on the formation and appearance of any 
pits that develop on the medium (Perombelon & Van der Wolf, 2002; Ma et al., 2007).  
5.3.5 DNA extraction and polymerase chain reaction of the 16S rRNA region of the soft rot 
isolates 
A method of crude lysis was used to obtain template DNA for PCR analysis from each isolate 
by suspending a single, 24 h old bacterial colony in 10 µl sterile 1 x TE buffer and then 
heating the sample to 95°C for 10 min using a G-Storm Goldblock GS1 thermocycler. The 
sample was then spun down at 12 000 rpm for 2 min using a benchtop centrifuge. After 
centrifugation, the resulting supernatant was used as a template for PCR amplification. 
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PCR amplification of the conserved bacterial 16S rRNA gene region of the isolates was 
carried out using a KAPA 2G Fast HS ReadyMix PCR Kit. Two 20 µl reaction mixes, each 
consisting of 1 µl freshly prepared template DNA, 10 µl 2X KAPA2G Fast HS ReadyMix, 1.5 
µl each of the forward (fD1) and reverse (rP2) primers (Weisburg et al., 1991) and 6 µl sterile 
nuclease-free water, were prepared for each isolate. A separate sample prepared with 1 µl of 
sterile nuclease-free water added, replacing template DNA, was prepared to serve as a 
negative control and was concurrently subjected to the same PCR and electrophoretic 
processes as the samples from the isolates.  
The 16S rRNA PCR was run with  the following protocol: an initial denaturation step of 95°C 
for 2 min, followed by 35 cycles of 95°C for 20 s, 42°C for 35s and 72°C for 45s and a final 
elongation step of 72°C for 5 min. The PCR protocol used was based on that outlined by 
Weisburg et al. (1991) but optimized for the conditions of this study.   
All PCR reactions were run using a G-Storm Goldblock GS1 thermocycler. Products from all 
PCR reactions were analysed on a 1.5 % agarose gel, with 1 µl SYBR® Safe DNA gel stain 
added per 10 ml of gel. GeneRuler 1kb DNA Ladder was used as a molecular weight marker 
to estimate the size of any PCR products obtained. The gel was run at 100 V for 50 min and 
PCR products were viewed using a Syngene G:Box and captured using GeneSnap image 
acquisition software.  
5.3.6 Sequencing of PCR products and phylogenetic analysis 
A Zymo DNA Clean & Concentrator - 500 Kit was used to remove excess reagents from a 
successful PCR reaction showing a single 1500 bp band for each isolate. The clean PCR 
products were sent to the Central Analytical Facility (CAF) of the University of Stellenbosch 
(http://www.sun.ac.za/saf) for DNA sequencing, using the BigDye Terminator V3.1 
sequencing kit (Applied Biosystems). 
The DNA sequence files supplied by the CAF were opened and edited with BioEdit 
Sequence Alignment Editor V7.0.9.0 (Hall, 1999). The chromatogram generated for the 
Howick isolate was noisy and had low quality scores and was thus not suitable for further 
phylogenetic analysis. However, it was evident from the chromatograms provided for the 
White River isolate that good quality 16S rRNA sequence data was available and could be 
used for further analyses. 
Areas of the White River isolate trace file with poor resolution outside of the region bound by 
the forward and reverse primers were removed before the sequence data was compared to 
that of other bacterial 16S rRNA homologues housed in the curated, type-strain referenced 
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bacterial Ribosomal Database Project (RDP) repository maintained by the Michigan State 
University (http://rdp.cme.msu.edu/seqmatch/seqmatch_intro.jsp), using a nucleotide BLAST 

























Infection of C. miniata seemed to begin in sunken, circular foci on the leaves of susceptible 
plants and infected plants showed rapid development of disease symptoms 
Figure 5.1 Soft rot symptoms on Clivia miniata: (a) an infected seedling from Howick, 
KwaZulu-Natal; (b) an infected older plant from White River, Mpumulanga.  
The rotting observed spread from the leaves into the stems and rhizomes of many plants. A 





Figure 5.2 (a) Evaluation of all eleven bacterial isolates for their soft rot ability; (b) soft rot 
induced by the isolate obtained from Howick and (c) by the isolate obtained from White 
River. 
Two bacterial isolates were found to exhibit the ability to rot potato tuber slices - one isolate 
from each locality. Differences in the physical appearance of the rots observed were evident, 
namely that that induced by the Howick isolate (b) was drier than that caused by the White 






Figure 5.3 Development of soft rot on Clivia miniata seedlings: (a) seedling inoculated with 
the isolate from Howick; (b) seedling inoculated with the isolate from White River.  
The tissues surrounding the points of inoculation on all seedlings inoculated with each isolate 
showed collapse and liquefaction, typical symptoms of bacterial soft rot. Plants inoculated 
with distilled water instead of a bacterial isolate remained healthy. Apparent differences in 
the physical appearance of each rot (i.e. wetter for the White River isolate) mirror those 






Figure 5.4 72 h old colonies of (a) Howick isolate on TSA; (b) White River isolate on TSA.  
Colonies of both isolates were creamy white, circular, raised and mucoid, with lobed margins 
when cultured on TSA. Those of the White River isolate grew more rapidly than those of the 
Howick isolate when incubated concurrently, evident by the larger individual colony size in 
5.4 (b) than 5.4 (a). The colonies of the White River isolate also appeared slightly more 
translucent than those of the Howick isolate when backlit. Visible inclusion bodies were 
observed to develop in colonies of both isolates as the cultures aged, giving some older 










Figure 5.5 API 50 CH fermentative metabolic profile of isolate from Howick (a) and White 
River (b) after 48 h incubation at 30 ± 1°C. 
The Biolog® profiles generated for each isolate were very similar: both isolates were able to 
produce acid but not gas from glycerol, L-arabinose, D-ribose, D-xylose, D-galactose, D-
glucose, D-fructose, D-mannose D-melibiose, gentiobiose and D-fucose. They differed in that 
the Howick isolate additionally was able to utilize D-mannitol and D-arabitol; the White River 
isolate was not able to do so.  
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Figure 5.6 1.5% agarose gel of PCR products obtained from soft rot isolates: Lane 1: 
molecular weight marker; Lanes 2 and 3: samples containing DNA of the White River isolate; 
Lanes 4 and 5: samples containing DNA of the Howick isolate; Lane 6: negative control. 
A single band of the expected size (approximately 1500 bp) was evident for the lanes 
containing bacterial DNA. Lane 6 (the negative control) did not show any products, as 
expected. Amplification of the 16S rRNA region of the White River isolate was thus 
considered successful and PCR product from the reaction in Lane 2 was used for DNA 
sequencing purposes. Only one of the samples from the Howick isolate indicated a 
successful amplification (Lane 5). Sequencing results from this PCR product indicated a 
mixed template trace, likely due to contamination with extraneous bacterial DNA during the 
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Table 5.2 Top 20 type strain bacterial 16S rRNA database BLAST matches of White River 
isolate 
 
The top 20 RDP BLAST search results for the White River isolate all belong to one genus, 
Pseudomonas Migula. All entries listed in the results above are from type-strain isolates of 
authentic Pseudomonas species.  
5.5 DISCUSSION 
Bacteria were readily isolated from decaying tissues of C. miniata plants. Eleven 
morphologically distinct isolates were obtained from the Howick seedlings and the White 
River plant. Two of the eleven bacterial isolates (one from each locality) were found to 
possess soft rot abilities (Figure 5.2) when evaluated using the method described by 




Although Perombelon & Van der Wolf (2002) stated that the ability of a bacterial isolate to 
induce rot of potato slices is not necessarily indicative of pathogenicity, the implementation of 
Koch’s postulates with the isolates showed that both were pathogens of C. miniata. The soft 
rot observed to develop on the seedlings after inoculation (Figure 5.3) eventually spread into 
the leaf bases and the seedlings withered and collapsed. Bacteria re-isolated from these 
plants were consistently identical to the original isolates, indicating that these isolates were 
responsible for causing the soft rot symptoms observed on the plants in both Howick and 
White River.  
Soft rot Erwinia and Pectobacterium spp have the characteristic ability to produce cavities on 
CVP. Since neither isolate in this study was able to form cavities when grown on CVP, they 
were excluded as belonging to either the Erwinia or Pectobacterium genera. According to 
Perombelon & Van der Wolf (2002), the trisodium citrate added to CVP media inhibits the pit 
forming growth of Pseudomonas species on this medium. This is consistent with the lack of 
pit formation and poor growth of the isolates observed on CVP.   
The morphological, biochemical and cultural characteristics observed for both these isolates 
are consistent with bacteria of the genus Pseudomonas, as defined by Holt et al. (2000). 
Both isolates were observed to be gram-negative, catalase- and oxidase-positive, straight 
rods. They also showed similar morphological characters (Figure 5.4) and almost identical 
biolog profiles (Figure 5.5). The congruency between both isolates in morphological, 
biochemical, cultural and epidemiological factors possibly indicates that they belong to the 
same bacterial genus. Adequate 16S rRNA DNA sequence data from the Howick isolate 
would allow for comparison between the DNA of both isolates to confirm this hypothesis.  
The 16S rRNA sequence data of the White River isolate indicates an affinity with a number of 
bacterial species, all of the genus Pseudomonas (Table 5.2). It is, however, also evident that 
the 16S rRNA of the isolate does not indicate any further definitive relationships between this 
taxon and other species within the genus.  
As indicated in Table 5.1, three species of bacteria (belonging to three genera) have 
previously been reported to cause soft rot of C. miniata. One of these reports [Laing (2009] 
was made in South Africa, but the causal organism implicated in the disease observed in that 
study was not the same as those observed in this study. This is the first report of soft rot of 
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ETIOLOGY OF A LEAF SPOT DISEASE OF ZANTEDESCHIA AETHIOPICA (SPRENG.) 
OBSERVED IN KWAZULU-NATAL, SOUTH AFRICA 
6.1 ABSTRACT 
Zantedeschia aethiopica is a South African monocotyledonous plant that has been grown in 
Europe as a pot plant and cut flower since the late 1600s. Phytopathogenic organisms have 
been widely reported to infect Z. aethiopica wherever it is grown. A foliar blight has been 
observed on Z. aethiopica growing in Pietermaritzburg, KwaZulu-Natal, South Africa for a 
number of years. The etiology and symptoms of the foliar disease observed in 
Pietermaritzburg are similar to those previously reported to be caused by the bacterium 
Xanthomonas campestris pv. zantedeschiae in South Africa and Taiwan. A bacterial strain 
was consistently isolated from diseased plant material collected in Pietermaritzburg and 
implementation of Koch’s postulates indicated that it was responsible for causing the foliar 
blight observed. PCR amplification of the 16S rRNA region of this Gram-negative, catalase-
positive and oxidase-negative rod-shaped bacterial isolate indicated similarities to various 
species of Pseudomonas, chiefly P. putida, but not to any X. campestris isolates. Matrix-
assisted laser desorption/ionisation-time of flight mass spectrometry (MALDI-TOF MS) of the 
peptidic profile of the isolate corroborated the 16S rRNA based assessment of its identity as 
a Pseudomonas sp but did not provide a strong indication of species identity. This is the first 
report of a foliar blight of Z. aethiopica caused by a Pseudomonas sp. in South Africa. A 
representative culture of the isolate has been deposited at the Plant Pathogenic and Plant 
Protecting Bacteria (PPPPB) Culture Collection of the South African Agricultural Research 
Council Plant Protection Research Institute (ARC-PPRI) with the accession number 
Pseudomonas sp. BD 1296.  
6.2 INTRODUCTION 
Zantedeschia aethiopica (Spreng.) is a rhizomatous monocotyledonous plant, native to South 
Africa, and is the type species of its genus (Pooley, 2005). It has been known in European 
horticultural commerce since the late 1600s and today is popular worldwide for its 
conspicuous white ‘flowers’, which are either displayed as cut flowers or admired on potted 
plants (Aubrey, 2001; Pooley, 2005; Reinten et al., 2011). Reinten et al. (2011) also noted 
that, as a genus, Zantedeschia is ‘currently the subject of international interest among 
breeders’ and that ‘there is considerable research interest in selecting new species and 
breeding new cultivars for the cut flower industry’. 
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Although commonly grown for its flowers, the quality of the foliage produced by Z. aethiopica 
plants is of importance in determining their overall aesthetic appeal to consumers, diseased 
foliage making plants undesirable and unmarketable. Diseased foliage also weakens plants 
and sick plants are likely to produce fewer flowers than healthy plants. The identification of 
foliar pathogens of Z. aethiopica is thus of importance to the industry that has developed 
around this floricultural crop.  
Bacterial, fungal and viral diseases of Z. aethiopica have been widely reported in the 
available literature. Bacteria are the most commonly reported cause of Zantedeschia 
diseases and a unique pathovar of the phytopathogenic bacterium Xanthomonas campestris 
Dowson has been reported from diseased Z. aethiopica in South Africa and Taiwan. Reports 
of bacterial diseases of the genus Zantedeschia are summarised in Table 6.1 below.  
Table 6.1 Bacterial species reported to cause disease on Zantedeschia species and hybrids 
 
The symptoms observed on plants during this study are similar to those reported by Joubert 
& Truter (1972), Lee et al. (2005) and Coutinho & Goszczynska (2009), which were caused 
by X. campestris pv. zantedeschiae Dye, namely leaf spotting and blight. Infected plants did 
not die from infection but were less floriferous than healthy plants and were aesthetically 
unappealing. The disease symptoms observed in this study were widespread in the 
Pietermaritzburg, KwaZulu-Natal during periods conducive to disease development.  
6.3 MATERIALS AND METHODS 
6.3.1 Bacterial isolation, strain purification and storage 
Symptomatic leaves of Z. aethiopica were collected from a home garden in Pietermaritzburg 
during a hot (day temperatures > 30°C) and humid period (daily rainfall) of the late summer 
season. The symptomatic leaves are shown in Figure 6.1 below. The disease symptoms 
appeared to mostly be confined to the older leaves of infected plants, worsening as the 
leaves approached senescence.  
Genus Species Common name of disease Zantedeschia species Reference
Chryseobacterium indologenes soft rot of tubers Zantedeschia hybrids Mikicinski et al . (2010b)
Chryseobacterium sp. Zantedeschia hybrids Mikicinski et al . (2010b)
Erwinia chrysanthemi soft rot of tubers Zantedeschia hybrids Lee & Chen (2002); Mikicinski et al . (2010a)
Paenibacillus  polymyxa soft rot of tubers Zantedeschia hybrids Mikicinski et al. (2010a)
Pectobacterium  carotovorum subsp. atrosepticum soft rot of tubers Zantedeschia hybrids Mikicinski et al . (2010b)
Pectobacterium  carotovorum subsp. carotovorum soft rot of tubers Zantedeschia hybrids Wright (1998); Lee & Chen (2002); Snijder & van Tuyl (2002); Snijder et al . (2004); 
Cho et al . (2005); Janse (2006); Mikicinski et al . (2010a)
Pseudomonas marginalis soft rot of tubers Zantedeschia hybrids Krejzar et al . (2008); Mikicinski et al . (2010a); Mikicinski et al . (2010b)
Pseudomonas putida soft rot of tubers Zantedeschia hybrids Krejzar et al . (2008); Mikicinski et al . (2010a)
Pseudomonas veronii soft rot of tubers Zantedeschia hybrids Mikicinski et al . (2010b)
Xanthomonas campestris pv. zantedeschiae bacterial leaf spot and blight Z. aethiopica Joubert & Truter (1972); Lee et al. (2005); Coutinho & Goszczynska (2009)
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Half of a symptomatic leaf (Figure 6.1d) was used to isolate suspected pathogens. The leaf 
sample was aseptically immersed in a 0.35% sodium hypochlorite solution for one minute 
and then rinsed three times with sterile, distilled water. Ten leaf segments, each 
approximately 0.5 cm2, were aseptically excised from the chlorotic regions surrounding the 
leaf lesion and individually placed on a 90 mm tryptone soy agar (TSA) plate. The plates 
were incubated at 25 ± 2°C until microbial growth from the segments was evident. The only 
microbes to grow from the leaf segments were bacteria, all of a single morphotype as shown 
in Figure 6.2. A loopful of inoculum was obtained from a representative area of bacterial ooze 
and streaked onto a fresh 90 mm TSA plate and incubated at 25 ± 2°C. A single colony from 
this plate was then further streaked onto a new plate and incubated at 25 ± 2°C to ensure 
strain purity. A single colony from this streak was suspended in a sterile 30% glycerol 
solution and stored at -80°C. A loopful of this stored isolate stock was used to grow up the 
cultures used for all subsequent analyses (plated on TSA and incubated at 25 ± 2°C for 24 
hours). A representative culture of the isolate has been deposited at the Plant Pathogenic 
and Plant Protecting Bacteria (PPPPB) Culture Collection of the South African Agricultural 
Research Council Plant Protection Research Institute (ARC-PPRI) with the accession 
number BD 1296.  
6.3.2 Assessment of Koch’s postulates and pathogenicity studies 
Koch’s postulates were assessed by inoculating ten healthy Z. aethiopica seedlings with the 
isolate. These seedlings were obtained from a locality with no disease history and transferred 
to a polyethylene tunnel two weeks prior to inoculation to ensure that they remained healthy. 
The tunnel was fitted with an automated misting system that created a warm and highly 
humid environment during the inoculation trial.  
Potential modes of infection were investigated alongside Koch’s postulates. Half the 
seedlings were inoculated by misting with a suspension of the isolate. The suspension was 
prepared by aseptically suspending five 24 h old colonies in sterile distilled water. The 
concentration of the suspension was adjusted to approximately 1 x 106 cells ml-1 and 
aseptically transferred to a sterile 1.5 L Pressure Sprayer before being applied thoroughly to 
both surfaces of all their leaves. The seedlings were covered with a polyethylene bag for 24 
hours following inoculation. 
The other five seedlings were inoculated through the creation of wounds and the introduction 
of bacterial suspension into these wounds. Small incisions were made with a sterile scalpel 
on the upper surface of a leaf of each seedling. A volume of 100 µl of pre-prepared 
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suspension (preparation details as above) was pipetted into the wounds after they were 
made. These seedlings were not bagged. 
Six further seedlings served as the negative controls for each experiment; three were misted 
with distilled water and bagged, the other three were wounded and inoculated with 100 µl 
sterile distilled water. These were housed next to the inoculated plants in the tunnel and did 
not develop symptoms for the duration of the experiment. 
6.3.3 Microbiological characterization of the isolate 
6.3.3.1 Morphological assessment 
The isolate was streaked onto a fresh TSA plate and grown for 48 hr at 25 ± 2°C. A wet 
mount was prepared and viewed using a Zeiss Axio Scope.A1 light microscope . 
6.3.3.2 Biochemical assessments  
Single colonies of the isolate were selected after 24 hours of growth on TSA at 25 ± 2°C and 
aseptically smeared on clean microscope slides for assessment. A 3% KOH solution was 
used to assess the Gram Stain reaction of the isolate, while catalase and oxidase enzyme 
activities were tested according to standard methods: catalase by using a pharmacy-bought 
3% v/v H2O2 solution; oxidase by using self-prepared Kovac’s reagent (1% aqueous 
N,N,N’,N’-tetramethyl-p-phenylenediamine). Strains of Escherichia coli Castellani and 
Chalmers and Staphylococcus aureus Rosenbach with known biochemical reactions were 
concurrently cultured and assessed alongside the isolates to serve as controls. These strains 
gave the expected results for all tests. 
BioMérieux API 50 CH strips were used to develop a fermentative metabolic profile of the 
isolate. The Biolog® analysis was carried out and the results were interpreted as per the 
manufacturer’s instructions, with API 50 CHB/E Medium used to rehydrate the carbohydrate 
substrates. The isolate was incubated at 30 ± 1°C for the duration of the assessment and 
carbohydrate substrate usage assessed and recorded at 24 and 48 hrs post inoculation.  
6.3.4 DNA extraction, polymerase chain reaction (PCR) of the 16S rRNA gene region and 
DNA sequencing of the isolate 
A method of crude lysis was used to obtain template DNA for PCR analysis from the isolate 
by suspending a single, 24 h old bacterial colony in 10 µl sterile 1 x TE buffer and then 
heating the sample to 95°C for 10 min using a G-Storm Goldblock GS1 thermocycler. The 
sample was then spun down at 12 000 rpm for 2 min using a benchtop centrifuge. After 
centrifugation, the resulting supernatant was used as a template for PCR amplification. 
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PCR amplification of the conserved bacterial 16S rRNA gene region of the isolate was 
carried out using a KAPA 2G Fast HS ReadyMix PCR Kit. Four 20 µl reaction mixes, each 
consisting of 1 µl freshly prepared template DNA, 10 µl 2X KAPA2G Fast HS ReadyMix, 1.5 
µl each of the forward (fD1) and reverse (rP2) primers (Weisburg et al., 1991) and 6 µl sterile 
nuclease-free water, were prepared for the isolate. A separate sample prepared with 1 µl of 
sterile nuclease-free water added instead of template DNA was prepared to serve as a 
negative control and concurrently subjected to the same PCR and electrophoretic processes 
as the samples from the isolate.  
The 16S rRNA PCR was run with  the following protocol: an initial denaturation step of 95°C 
for 2 min, followed by 35 cycles of 95°C for 20 s, 42°C for 35s and 72°C for 45s and a final 
elongation step of 72°C for 5 min. The PCR protocol used was based on that outlined by 
Weisburg et al. (1991) but optimized for the conditions of this study.   
All PCR reactions were run using a G-Storm Goldblock GS1 thermocycler. Products from all 
PCR reactions were analysed on a 1.5 % agarose gel, with 1 µl SYBR® Safe DNA gel stain 
added per 10 ml of gel. GeneRuler 1kb DNA Ladder was used as a molecular weight marker 
to estimate the size of any PCR products obtained. The gel was run at 100 V for 50 min and 
PCR products were viewed using a Syngene G:Box and images captured using GeneSnap 
image acquisition software.  
A Zymo DNA Clean & Concentrator - 500 Kit was used to remove excess reagents from a 
successful PCR reaction showing a single 1500 bp band. The clean PCR product was sent 
to the Central Analytical Facility (CAF) of the University of Stellenbosch 
(http://www.sun.ac.za/saf) for DNA sequencing, using the BigDye Terminator V3.1 
sequencing kit (Applied Biosystems). 
The DNA sequence files supplied by the CAF were opened and edited with BioEdit 
Sequence Alignment Editor V7.0.9.0 (Hall, 1999). Areas of the trace file with poor resolution 
outside of the region bound by the forward and reverse primers were removed before the 
sequence data was compared (using a nucleotide BLAST search algorithm) to that of other 
bacterial 16S rRNA homologues housed in the public-access DNA sequence database of 
Ribosomal Database Project (RDP), maintained by the Michigan State University 
(http://rdp.cme.msu.edu/seqmatch/seqmatch_intro.jsp). Only the 16s rRNA data from 
bacterial type strains was selected for comparison to that of this isolate. 
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6.3.5 Matrix-assisted laser desorption/ionisation-time of flight mass spectrometry (MALDI-
TOF MS) of the isolate 
Samples of a number of bacterial isolates were prepared and simultaneously analysed using 
a Bruker Microflex MALDI-TOF MS bench top Biotyper system. The isolate (ZA1 in the 
MALDI-TOF MS output shown in Figure 6.7) was cultured for 24 hours on TSA at 25 ± 2°C. A 
single colony was picked off using a sterile toothpick and added to a 1.5ml Eppendorf tube 
containing 300 µl of sterile distilled water. An ethanol/formic acid extraction procedure was 
performed on the sample for profiling, as per the methods laid out in the supplementary 
material provided by Bruker Daltonics. Of the resulting supernatant, 1 µl was pipetted onto a 
MSP 96 target spot polished steel plate and left to air dry, then 1 µl of HCCAportioned matrix 
solution was overlaid onto each sample and also left to air dry before analysis. Once dry, the 
steel target plates were loaded into a MALDI Biotyper and the analysis run.  
6.4 RESULTS 
The foliar symptoms observed on infected Z. aethiopica plants began as small, chlorotic 
circles of diseased tissue. 
 
Figure 6.1 Foliar disease symptoms observed on Zantedeschia aethiopica: (a) a moderately 
symptomatic leaf soon after symptom appearance; (b) a severely symptomatic leaf showing 
widespread spotting and necrosis; (c) a close-up of the infected leaf tip ; (d) leaf lesions from 






If the hot and humid conditions that trigger symptom appearance persist, the chlorotic lesions 
rapidly enlarge and become necrotic. When the environmental conditions become less 
humid, the necrotic areas dry out and often out of the centre of the lesions. This causes the 
leaves to develop a shot-hole appearance and drastically reduces their aesthetic appeal. 
 
Figure 6.2 A 48 h old colony of the bacterial isolate obtained from the diseased leaf tissue 
examined in this study, incubated on TSA at 25 ± 2°C. 
Colonies of this isolate were a bright, clear yellow. They were circular, raised and convex in 
cross section, with entire margins. No inclusion bodies were observed. 
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Figure 6.3 (a) and (b) Disease symptoms observed to develop on Z. aethiopica seedlings 
after misting with the bacterial isolate; (c) and (d) symptoms that developed on seedlings 
after the introduction of a suspension of the isolate into wounds on their leaves.  
The leaf lesions observed to develop on all inoculated seedlings were very similar to those 
initially observed in this study, albeit smaller on the seedlings than on the adult plants. It is 
apparent that the bacterial isolate was able to induce disease development via at least two 
entry mechanisms (natural openings and wounds). These are consistent with documented 





Figure 6.4 API 50 CH fermentative metabolic profile of the isolate after 48 h incubation at 30 
± 1°C. 
The Biolog® profile generated for the isolate indicated that it was able to produce acid, but 
not gas, from glycerol, L-arabinose, D-ribose, D-xylose, D-galactose, D-glucose, D-fructose, 










Figure 6.5 1.5% agarose gel of PCR products obtained from the isolate: Lane 1: molecular 
weight marker, Lanes 2-5: samples containing DNA of the isolate, Lane 6: negative control. 
A single band of the expected size (1500 bp) was evident for three of the reactions 
containing the isolate DNA. No product was evident for the negative control and amplification 
of the 16S rRNA region of the isolate was considered a success. PCR product from Lane 2 













Figure 6.6 The top 20 16S rRNA bacterial matches generated for the isolate obtained in this 
study. 
All the bacterial species identified by the BLAST search as being similar in their 16S rRNA 
regions to this isolate belonged to the genus Pseudomonas Migula. It was apparent that the 
16S rRNA gene sequence data is not sufficient to resolve a clear species identity when 











Figure 6.7 Bruker MALDI Biotyper output from the analysis of a number of bacterial isolates. 
The isolate pertinent to this study (ZA1) is indicated with the arrow. 
The MALDI-TOF MS analysis of this isolate indicated that both the first and second best 
matching organisms for this isolate are Pseudomonas species (P. flavescens and P. 
oleovorans respectively). The support score values (1.847 and 1.732 respectively) assigned 
to the isolate fell within the range of ‘probable genus identification’, as outlined by the 
analysis report but, like the 16S rRNA data of the isolate, this analysis did not provide a clear 










The reports cited in Table 6.1 described similar symptoms to those observed in this study on 
Z. aethiopica and indicated that the bacterial pathogen responsible for these symptoms can 
be X. campestris pv. zantedeschiae. Koch’s postulates were successfully demonstrated with 
the yellow-pigmented bacterial isolate obtained from the diseased Z. aethiopica leaf tissues 
observed in this study. Its ability to induce disease on inoculated plants demonstrated that its 
role as the pathogen was confirmed. The morphological and biochemical characteristics 
were investigated for this isolate. The bacterial cells were observed to be straight rods that 
were Gram- and oxidase-negative and catalase positive. These match those reported for the 
genus Xanthomonas by Holt et al. (2000) and for the above X. campestris pathovar by 
Coutinho & Goszczynska (2009).  
It is likely that the strain isolated in this study would be classified as another isolate of X. 
campestris pv. zantedeschiae if the two more modern bacterial techniques (16S rRNA and 
MALDITOF-MS) used in this study were not also implemented. The results obtained from 
both these studies are concordant in that they disagree with its placement within X. 
campestris pv. zantedeschiae and rather assign this isolate to the genus Pseudomonas. 
Since all the morphological and biochemical characters investigated and reported above 
have also been reported for the genus Pseudomonas by Holt et al. (2000), their use in 
discriminating between the two bacterial genera is limited. No DNA sequence data has been 
made available for the X. campestris pv. zantedeschiae strains reported by Lee et al. (2005) 
and Coutinho & Goszczynska (2009) and it would be pertinent to investigate whether DNA 
sequence data from these isolates would also assign them to the genus Pseudomonas and 
also how closely related all these isolates are. 
Multigene phylogenetic analyses have been recommended for accurate Pseudomonas 
species identification, using the sequences of core ‘housekeeping’ genes, such as the 16S 
rRNA, gyrB, rpoB and rpoD genes, for isolate identification (Yamamoto et al., 2000; Mulet et 
al., 2010; Ghyselinck at al., 2013). Amplification, sequencing and concatenated phylogenetic 
analysis of the sequence data of the above genes for the isolate obtained in this study will 
allow better taxonomic placement of the isolate and indicate whether it should be recognised 
as a new Pseudomonas species or pathovar.  
Pseudomonas species have been reported to infect Zantedeschia before, but only to cause 
soft rots of the tubers of hybrid cultivars (Krezjar et al., 2008; Mikicinski et al., 2010a; 
Mikicinski et al., 2010b). This is thus the first report of a Pseudomonas species causing a  
leaf spot and blight of Z. aethiopica, pending further investigation of the bacterial isolates 
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assigned to the species epithet X. campestris pv. zantedeschiae. Coutinho & Goszczynska 
(2009) stated that the epidemiology of this bacterial leaf spot is not well known and that the 
bacterium ‘can probably survive in infected plant parts and spread in propagation material’.  
The development of a robust isolation and identification protocol for this pathogen would 
allow growers whose plants are affected by the disease to pre-emptively screen for the 
pathogen and also to screen uninfected plants for use as propagative material. It is likely that 
good cultural management practices such as roguing of infected plants, removal of infected 
debris and maintenance of good plant health would also help reduce the severity of this 
disease. Plants fertilised with calcium and silicon-containing fertilisers or those treated with 
resistance inducers, such as Bion® may offer further methods that Zantedeschia growers 
can utilise to control the disease.  
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INVESTIGATIONS INTO VIRUS-LIKE DISEASES OF THE GENUS CLIVIA LINDL. 
7.1 ABSTRACT 
The South African plant genus Clivia is a widely cultivated floricultural crop. Clivia plants in 
nurseries and private collections often exhibit foliar symptoms of streaking and mottling that 
have been speculated to be caused by viral infection. Transmission electron microscopy 
(TEM) of sap samples obtained from symptomatic C. caulescens, C. miniata and numerous 
interspecific hybrid plants showed the presence of filamentous viral particles in the leaf sap 
preparations. A successful purification protocol was devised to isolate viral particles from 
Clivia leaf material. Attempts were made to amplify viral nucleic acids from infected leaves 
and purified virus samples using reverse transcription polymerase chain reaction (RT-PCR). 
PCR primers reported to amplify nucleic acids from closteroviruses, potexviruses and 
potyviruses were tested against viral samples but did not result in any successful 
amplifications of viral nucleic acids. Viral transmissibility was assessed through mechanical 
inoculation of Nicotiana tabacum cv. Xanthi with leaf material of a symptomatic interspecific 
Clivia hybrid and also through mechanical inoculation of healthy plants of C. caulescens with 
sap from symptomatic plants of C. caulescens. The results of these tests were inconclusive 
as neither transmission method induced symptoms in the inoculated plants. The 
investigations outlined in this study highlight the presence of virus-like particles in association 
with virus-like disease symptoms on Clivia plants but were not able to provide an elucidation 
of the identity of the viruses observed. This raises the possibility that these viruses are novel 
entities and highlights the lack of detailed study on the subject of viral disease of Clivia. This 
study is the first to report viral infection of Clivia in South Africa.   
7.2 INTRODUCTION 
Clivia is a genus of monocotyledonous plants that belong to the family Amaryllidaceae J.St.-
Hil. (Aubrey, 2001). The six species, numerous cultivars thereof and many interspecific 
hybrids are widely cultivated (Smith, 2011). Common concerns expressed by those with an 
interest in growing the plants, commercially or in private collections, is whether the plants can 
become infected with viruses, what effects the presence of viral infection can have on plants 
and how any viral pathogens may be spread. Research in these areas is scant and reports of 





Table 7.1 Reports of viral infection of Clivia  
 
Clivia plants assessed in this study for viral infection displayed foliar symptoms of streaking 
and mottling that raised suspicions about their health. The symptomatic leaves of each plant 
studied are shown in Figures 7.1 and 7.2 below. The plants were obtained from various 
locations, including gardens, private collections or in habitat. The details of the plants 
examined are summarised in the table below. 
Table 7.2 Details of the Clivia plants that were examined in this study 
 
Many Clivia cultivars and interspecific hybrids do not produce uniform progeny when grown 
from seed; division of clumps is thus the most common method employed by Clivia growers 
to propagate selected cultivars and clones (Duncan, 2008; Wang et al., 2012). This method 
is advantageous in that it allows for true-to-type propagation of desired cultivars but 
disadvantageous in that it allows for the transmission of diseases to the propagules if the 
mother plant is not healthy. This study was carried out to address the concerns cited above 
and aimed to provide evidence of viral infection in Clivia plants and then to attempt to identify 
any viruses observed in association with symptomatic plants.  
7.3 MATERIALS AND METHODS 
7.3.1 Use of transmission electron microscopy (TEM) to visualise viral particles 
Transmission electron microscopy was used to look for the presence of viral particles in 
preparations of leaf sap obtained from plants showing virus-like symptoms. A formvar-coated 
copper grid was inverted onto a droplet of leaf sap (obtained from a freshly cut leaf) for one 
Species/Cultivar Identifier Locality Habitat
C. miniata CMB Benoni, Gauteng Home garden
C. 'Karkloof Yellow' CIH Howick, KwaZulu-Natal Clivia nursery
C. caulescens CCM Mariepskop, Mpumalanga Montane forest
C. miniata 'Ella van Zijl' CEVZ Nelspruit, Mpumalanga Private collection
C. 'USA Yellow' CUY Nelspruit, Mpumalanga Private collection
Interspecific hybrid CIN Nelspruit, Mpumalanga Private collection
Genus Species
Symptoms of 
infected plants Clivia  species Country reported Reference
Potexvirus Undetermined Clivia hybrids New Zealand Hammet (2004)




C. gardenii, C. miniata ‘Belgium 
hybrid’, C. miniata var.  citrina
Australia Adcock (2007) 
Tospovirus Iris yellow spot virus (IYSV) Clivia spp. Japan Jones (2005); Gent et al. (2006)
Tomato spotted wilt virus (TSWV) Clivia spp. Holland, USA
    
McDonough et al. (1999)
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minute to allow for adhesion of viral particles. The grid was then placed on a droplet of 2% 
uranyl acetate for 30 s to allow for negative staining of any adherent particles. The grid was 
then left to dry fully before being loaded onto the stage of a JEOL 1400 transmission electron 
microscope for analysis.  
7.3.2 Virus purification from symptomatic plant material 
A search of the available literature did not indicate any protocols used by prior researchers of 
viral Clivia diseases for purification of viral particles from leaf material. Viral particles were 
thus purified from Clivia leaf samples using a protocol based on that utilised by Crescenzi et 
al. (1997), but amended to suit the laboratory equipment and conditions that were available 
for use in this study. 100 g of symptomatic leaf tissue was ground into a fine powder using 
liquid nitrogen and a sterile mortar and pestle. Care had to be taken to thoroughly grind the 
leaf material as finely as possible because it had a tendency to shatter into small blocks 
instead of pulverising easily into a fine powder.  
The ground leaf material was homogenised in 0.1M sodium citrate extraction buffer pH 8.3, 
that also contained 0.02 sodium sulphite and 0.002M EDTA. The homogenate was filtered 
through cheesecloth and then centrifuged in an Avanti® J-26 XPI centrifuge at 10 000 rpm 
for 10 minutes. The resulting supernatant was then mixed on ice with 3% Triton X-100 for 
one hour. Thereafter, the solution was centrifuged at 75 600 x g for 120 min. The resulting 
pellet was resuspended overnight in 0.01M sodium citrate buffer pH 8.3 containing 0.5M urea 
and 0.1% 2-mercaptoethanol.  
The suspension was then layered onto a 30% sucrose cushion in 0.01M sodium citrate buffer 
pH 8.3 and centrifuged at 50 000 x g for 120 min. The resulting pellet was resuspended in 
0.01M sodium citrate buffer pH 8.3 overnight and then spun a final time at 14 800 rpm for five 
minutes to precipitate any remaining debris. The supernatant suspected to contain purified 
viral particles was transferred to a clean Eppendorf and stored at 4°C. The presence of viral 
particles in the purified samples was evaluated using the same TEM protocol as described 
above.  
7.3.3 Inoculation of tobacco (Nicotiana tabacum L.) and Clivia caulescens Dyer with leaf 
material from symptomatic Clivia plants 
Three seed grown N. tabacum cv. Xanthi plants were inoculated with a suspension of 
powdered leaf material obtained from a symptomatic interspecific Clivia hybrid (CIH). The 
leaf material was ground up with liquid nitrogen in a sterile mortar and pestle and suspended 
in sterile distilled water before being rubbed into silicon carbide induced abrasions on the 
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leaves of the tobacco plants. A fourth tobacco plant was similarly abraded and inoculated 
with distilled water instead of leaf suspension and a fifth tobacco plant was not inoculated at 
all. These plants were kept in a glasshouse and monitored for four weeks post inoculation. 
TEM examination of leaf sap from these plants was carried out according to the protocol 
described above.  
Five healthy, non-symptomatic C. caulescens seedlings were inoculated with sap obtained 
from the leaf of a symptomatic adult plant of C. caulescens (CCM). A sterile scalpel was 
used to make three parallel incisions on a young leaf of each plant. These incisions were 
each approximately 10 mm long and did not extend all the way through the leaf blade. Sap 
was obtained from the symptomatic plant by cutting off a leaf tip and allowing the sap to bead 
on the cut surface. The sap was then transferred into the wounds on each seedling with a 
sterile scalpel. Three other seedlings were wounded in the same manner but inoculated with 
sterile distilled water instead of leaf sap. All plants were kept in a greenhouse and monitored 
for four weeks post inoculation.  
7.3.4 Attempts to use reverse transcription polymerase chain reaction (RT-PCR) to amplify 
viral nucleic acids 
Attempts were made to amplify viral nucleic acids from symptomatic leaf samples and 
purified virus samples. The morphology of the viral particles observed in this study indicated 
that the viral nucleic acid type was most likely RNA and would thus require reverse 
transcription prior to PCR amplification. An SV Total RNA Isolation Kit was used to isolate 
RNA from symptomatic leaf samples, as per the manufacturer’s instructions. RNA was 
released from virions present in the purified virus samples by heating them to 65°C for 5 min 
prior to RT. A RevertAid First Strand cDNA Synthesis Kit was used to transcribe any RNA 
templates present in the samples into their cDNA analogues before PCR amplifications were 
attempted. This procedure was carried out as per the manufacturer’s instructions.  
Three viral genera were chosen for investigation with RT-PCR, based on the morphology of 
the virions observed using TEM, the reports of viral infection of the genus Clivia summarised 
in Table 7.3 and the availability of PCR primers in the research environment in which the 
study was conducted. These genera were Closterovirus (family Closteroviridae), Potexvirus 
(family Alphaflexiviridae) and Potyvirus (family Potyviridae). The specific viral gene targeted 
for amplification, the forward/reverse primer pair used for amplification and reference for the 




Table 7.3 Viral genera selected for RT-PCR testing 
 
PCR amplifications were carried out using a KAPA 2G Fast HS ReadyMix PCR Kit and on a 
G-Storm Goldblock GS1 thermocycler. Each reaction mix consisted of 10 µl 2X KAPA2G 
Fast HS ReadyMix, 1.5 μl of each forward and reverse primer, 3 µl cDNA template and 4 μl 
sterile nuclease-free water. A negative control was prepared for each PCR run, with sterile 
nuclease-free water instead of cDNA, and concurrently run with each PCR reaction.  
Products from all PCR reactions were analysed on 1.5 % agarose gels, with 1 µl SYBR® 
Safe DNA gel stain added per 10 ml of gel. The gels were run at 100 V for 50 min and PCR 













Viral genus Gene target Primer pair Reference
Closterovirus Heat shock protein (Hsp70) CL43U-F
CL43L-R
Potexvirus Viral replicase Potex 4
Potex 5
Potyvirus Nuclear inclusion protein b (NIb) NIb2F
NIb3R
Winter et al. (1997)
Miglino et al. (2004)
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7.4 RESULTS 
It was evident that virus-like particles were present in association with the symptomatic Clivia 
plants shown below. These particles were all similar in morphology (flexuous rods) but varied 
widely in length. 
Figure 7.1 (a), (d) and (g): Virus-like symptoms observed on Clivia plants; (b), (e) and (h): 
viral particles observed in TEM preparations of leaf sap from symptomatic leaves; (c), (f) and 
(i): concentrated viral particles observed in TEM preparations of purified virus samples 
obtained from symptomatic plants.  
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The highly concentrated aggregations of viral particles observed in the purified samples 
indicated that the purification protocol implemented in this study was successful at isolating 







Figure 7.2 Further examples of symptomatic Clivia plants and virus-like particles observed in 
preparations of their leaf sap. 
Virus-like particles displaying a filamentous morphology were evident in the crude leaf sap 
preparations of the plants shown above. Attempts to purify viral particles from these plants 




Figure 7.3 Nicotiana tabacum cv. Xanthi mechanically inoculated with symptomatic leaf 
material of interspecific Clivia CIH. 
The tobacco plants inoculated with CIH leaf material appeared stunted relative to the plant 
inoculated with water or to the plant not inoculated at all. The inoculated plants did not show 
any other symptoms that would normally be associated with viral infection, such as leaf 










Figure 7.4 Inconclusive attempt at mechanically inoculating C. caulescens seedlings: (a) 
symptomatic adult C. caulescens plant used to provide inoculum, (b) leaf sap that collected 
on the cut surfaces of a symptomatic leaf, (c) healthy C. caulescens seedlings that were 
inoculated with the sap seen in (b) and (d) the wounds created on the seedling plants into 
which the sap evident in (b) was transferred. 
At four weeks post inoculation, none of the seedlings inoculated with sap from the plant 
shown above in Figure 7.4 (a) displayed any abnormal symptoms. The seedlings wounded 








Figure 7.5 Examples of unsuccessful PCR attempts to amplify viral nucleic acids 
Analysis of the potential PCR products generated from samples of symptomatic Clivia leaves 
and purified virus samples on agarose gels indicated that none of the tested combinations of 
host Clivia plant/purified virus sample and viral primer set successfully produced clear 
products of the expected sizes. Attempts at molecular identification of the viruses observed 
with the use of PCR were thus unsuccessful.  
7.5 DISCUSSION 
Clivia plants from a wide range of locations showed symptoms of leaf mottling and streaking 
(Figures 7.1 and 7.2) that contrast clearly with the evenly pigmented leaves of healthy plants. 
These symptoms are similar to those described by Adcock (2007) in Clivia plants infected 
with potyviruses. The presence of virus-like particles in association with these foliar confirms 
the presence of viral pathogens in the symptomatic plants.  
The titre of viral particles observed in the TEM micrographs obtained from the purified 
samples was much higher than that observed in the TEM micrographs of leaf sap 
preparations (Figure 7.1). There was also far less cellular debris in the purified samples, 
making it easier to visualise the viral particles present. The implications of these observations 
are that the purification protocol used in this study was successful at concentrating viral 
particles out of leaf material and is thus a good starting point for future researchers of Clivia 
viruses to utilise in their research.  
The remaining studies were inconclusive in their attempts to provide evidence for the identity 
of the viruses observed. Not all the possible combinations of the Clivia accessions listed in 
Table 7.2 and PCR primers and protocols listed in Table 7.3 were tested and it is possible 
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that an untested combination of the two variables could have led to successful amplification 
of viral nucleic acids. Future studies on this subject would benefit from a repetition of the 
experiments to cover all possible combinations. Another possible explanation for the lack of 
PCR products for molecular analysis is that the viruses observed do not belong to any of the 
viral families tested for and may represent novel entities. 
DePaulo and Powell (1995) noted that the presence of double-stranded RNA (dsRNA) in 
plant tissues may be used to diagnose viral infections and furthermore, to characterise the 
viruses that produce the dsRNA encountered. Numerous extraction protocols have been 
developed to isolate dsRNA from plant tissue, including those outlined by Balijja et al. (2008) 
and Tzanetakis & Martin (2008). The application of this technique to diseased Clivia samples 
may allow for the isolation of viral nucleic acids from symptomatic tissues and for the 
elucidation of clearer results based on the results of downstream enzymatic reactions of any 
dsRNA encountered.  
The aim of this study was partially fulfilled in that evidence was provided that Clivia plants 
showing symptoms thought to indicate viral infection do have virus-like particles associated 
with these symptoms. However, progress in determining their identity and potential modes of 
their transmissibility were not definitive and should remain the focus of future studies. 
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The goal of the research presented in this dissertation was to identify the causes of several 
diseases of important indigenous ornamental crops grown in South Africa; namely a putative 
fungal and viral disease of Clivia; a putative bacterial and fungal disease of Strelitzia and a 
putative bacterial disease of Zantedeschia. The research presented in the study aimed at 
addressing three components: firstly, to review and summarise the available literature 
pertaining to phytopathological studies on the plant species studied because this has not 
previously been carried out; secondly, to investigate whether phytopathogenic microbes were 
responsible for causing the selected diseases; and, thirdly, to clearly identify the 
phytopathogens that were implicated in the diseases of Clivia, Strelitzia and Zantedeschia 
that were studied. 
The goals outlined above were met by the studies presented in this dissertation. The tabular 
summaries of fungal, bacterial and viral diseases of these crops presented together in 
Chapter 1, and individually in Chapters 2-7, provide an easily accessible reference for future 
researchers into the diseases of these crops, with which their research can be compared. It 
is hoped that this will facilitate the initiation of further studies relating to the epidemiology and 
control of these diseases. 
The fulfilment of Koch’s postulates in five of the six plant disease studies presented above 
verified the suspected phytopathogenic nature of these diseases and satisfied the second 
component of the research goal. A uniting factor in the isolation of disease-causing 
organisms in these studies was the apparent novelty of each of these plant-pathogen 
relationships. Some chapters represent the first report of these plant diseases in South Africa 
and others represent the first report of the studied diseases globally. This highlights the need 
for more research on the pathogens of indigenous plants and assessments of the presence 
of phytopathogens in the local floricultural industry. 
The apparent lack of transmissibility of the virus-like diseases in Clivia plants detailed in 
Chapter 7 did not conclusively point to the cause of the symptoms of the plants as being due 
to the observed viruses. Future studies will be necessary to provide conclusions about the 
topic of viral infection in Clivia. Potential future research can focus on modes of viral 
transmission, more extensive attempts at the identification of viruses associated with Clivia 
plants and assessments of the distribution and impacts of viral diseases in the Clivia-growing 
industry.  
The final component of the research goal for this dissertation was to characterise any 
phytopathogens isolated in the studies. Where Koch’s postulates were fulfilled, 
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morphological, cultural and molecular characterisation were used to provide a secure genus-
level identification of the phytopathogenic isolates of Colletotrichum, Pestalotiopsis, Pantoea 
and Pseudomonas that were implicated in the observed disease complexes. Accurate 
identification of these fungal and bacterial isolates at a species-level would be necessary in 
the further studies into the epidemiology and control of the diseases that they cause. Future 
research focussing on concatenated phylogenetic analysis of the sequence data from 
multiple genes of each isolate would allow for accurate assignment of these pathogens within 
their respective genera. 
South African flora has made significant contributions to the global floriculture industry, and 
the continued interest in the development of new floricultural crops from South Africa’s 
exceptionally diverse plant community highlights the importance of our plants to the industry. 
A conspicuous trend illustrated by the research presented in this dissertation is the general 
lack of modern studies pertaining to the phytopathogens of South African indigenous plants. 
There is a clear need in the future for comprehensive, ongoing studies surveying the 
diseases that affect floricultural crops in South Africa. 
 
 
 
 
 
 
 
 
 
 
 
 
 
